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Enclosure 3 

BITE CHARACTERIZATION REPORT CHECKLIST 

Site: Fitwing Fuel Pits NAS Oceana PC$ RegionTidewater 

The following checklist must be filled out by the Responsible Party 
(RP) and/or the RP's Consultant and included in the Site 
Characterization Report. ' Indicate on the checklist the page and 
section number where each item is addressed in the attached report. 
Also indicate on the checklist the section and page number where 
justification is given for items omitted from the attached report. The 
contents of the report should reflect and be commensurate with the 
nature of the release, degree of contamination and complexity of the 
site investigation. 

A copy of the Initial Abatement Measures Report must be attached to or 
included in the Site Characterization ReDort. 

Items marked with an are required as part of the CAP Permit 
Application. - 
1. BITE ABBEBBMENT 

Page ISectim 
1 11.1.1 Nature and quantity of release -- 
35 fl.5.1*Physical and chemical properties of released product -- 
NA / Free Product Removal Report 

ALL..-/- Tank information (capacity, location, contents) 
1~ / l . u  Geologic/hydrogeologic site information 

18 A.4.1 Site geology -- 
18 A .4.1 Subsurf ace cor. :.tions (fractures, solution cavities, -- 

lenses, depth LO ground water) 
7 / 1.2.6 Pumping/injection wells -- 
11 11.3.3 Drillers/geologic logs and construction details for -- 

all wells and boreholes 
4 11.2 3.1Aquif er characteristics -- 

5 -1Name - 
5 /I 2.3.1Thickness 
20 /l b.2.1Conductivity 
24 /l&2Transmissivity 

Hydraulic gradient 
__2e/W Flow velocity/direction a/u Hydrogeologic cross section 

Information as to water resources within 
(wells, springs, surface water) 

ft of site 

7 / 1.2.5 Information as to adjacent property owners and potentially -- 
affected ground and surface water users (names, addresses, 
telephone numbers) 

1 A.1.1 Information on historical releases at the site as well as -- 
historical releases from USTs located on adjacent property 

7 /I 2 6 Construction information on potentially affected wells _ .  
7 /I. 2.5 Current and projected groundwater / land use 
37 A.5.2 Description of vertical and lateral extent of contamination 

37 / 1.5.7 Free product phase 
37 / 1.5.2 Dissolved phase -- 
37 / 1.5.2 Residual phase -- 
28 / 1.4.3 Vapor phase -- 
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x/u Plume migration direction and rate 
~/&*Sampling/monitoring results 

NOTE: All lab sheets and tables submitted in SCR must have 
sample media, analytical method used, detection limit 
method, unit of measure, sample depths, and sample 

. locations. Sampling results from BTEX analysis must be 
reported individually and totaled. 

Site maps/sketches (combine when appropriate and to scale 
when possible) 

2 //l.l.l*Locus map on 7 1/2 min. quad. or county highway map 
2 /I.-3.1*Base nap with property lines and physical features 

(buildings, roads, etc. ) 
38-42 /1.5..~*~ocation of source (s) of contamination at site 

_UL /1,.3.1 Sample locations (water, vapor, and/or soil) 
Excavation pits Nnl- 

18 /1.4.1 surficial soils -- 
8 fl.23.2 Surface waters - 
&I= Basements/conduits (and/or soil vapor surveys) 
11 /-1.3.3 Monitoring wells -- 
8 / 1.2.6 Domestic wells 
13_ A.2.6 Public supply wells 
-1- springs Borlng locations 

_ u L / ~  Observation well locations 
A/- Ground water flow direction map 
_ u L / ~  Subsurface conduits (telephone, water, sewer, power, 

dispenser piping) 
8 /1.2.6*Potentially affected wells/streans/springs -- 

_b /~233*Flood plain designation 
38-42 /1.5.2 Isoconcentration or plume delineation map for each 

affected aquifer and/or soil zone for all Dhases 
present (cross-sectional and map view) 

- 
40-41 . /1.5.2 Free product 
40-41/= Dissolved 
38&/LfL3. Residual 

29 /1.4.3 Vapor -- 
FOR OFFICE U8E ONLY 

COMMENTS : 

DEFICLENCIES: 



SCR Checklist 
Page 3 of 4 

2. RISK ASSESSMENT 

x/ 2.1 ~escription of demographics (population) 
43 1- Impacted and potentially impacted receptors (human/wildlife/ -- 

forestrv. etc. ) - .  . ,,,,sure pathways for receptors - 
44 / 2.3 Ingestion -- 
44 / 2.3 Dermal contact -- 
44 / 2.3 Inhalation -- 
NA / Other 

-~ - 2.4 Exposure levels for receptors 
44 / 2.4 Exposure level determination -- 

44 / 2.3 Tap water sample -- 
44 12.4 Direct well sanple -- 
44 / 2.3 Surface water sample -- 
A/- OVA and location of measurement 

46 / 2.4 Extrapolation 
&/- Other 

47 12.5 Evaluation of existing/potential risk to receptors (based on -- 
contaminant levels, exposure levels, frequency of exposure) 

47 / 2.5 Evaluation of existing/potential risk to environment (based -- 
on contaminant levels, fate & transport, etc.) 

A/- Evaluation/provision of alternate watersupply 

COMMENTS 
FOR OFFICE USE ONLY 
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3. REHEDIATION ASSESSMENT 

a/= '~emediation feasibility . 
48 / 3.1 Projected remediation endpoints based on site, risk, and 

remediation assessments 
48 / 3.1 Free product -- 
48 / 3.1 Dissolved -- 
48 /3.1 Residual -- 
NA /- - Vapor 

qp_/ 3.3 Description & evaluation of applicable technologies 
49 / 3.3 Design for each applicable technology 

T/m Timeframe for implementation and duration for each -- 
applicable technology to achieve projected remediation 
endpoints 

52 / 3-4 Projected cost for each applicable technology to -- 
achieve projected remediation endpoints 

52 /3.4 Achievable endpoints for each applicable technology -- 
53 / 3.4.2 Free product - 
53 / 3.4.2 Dissolved x/ 3.4.1 Residual 
A/ Vapor z/x Estimated timeframe for achieving endpoints for each 

applicable technology 
52 / 3.4 Free product 
52 1 3.4 Dissolved - 
52 / 3.4 Residual - 
NA / - Vapor 

A!%-./- Imediateffuture beneficial results for each applicable 
technology Only one applicable technology selected. 

a / ~  Recommendation of most appropriate technologies with coats 

-1- Site Characterization Report submitted within 45 days of 
release confirmation or extension granted 

FOR OFFICE USE ONLY 
COMMENTS : 

DEFICIENCIES: 

REVIEWED BY: DATE: 
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Roy F. Weatm, Inc (WESTOW, as pa&~ers with Baker Environmeatal, Inc. (Baker) on the Comprehensive 

Long-Term Environmental Action Navg (CLEAN) Pmgraa~, war amtracted by thcAtlanticDivision, Department 

of the Navy to further investigate the concam related to leaking subsntface JP-5 M supply lines located at the 

Fitwing Fuel Pits. Naval Air Station Occam (NAS Oaana), Vuginia Beach, Vuginia, bctween March l992 and 

April 1992. 

In acwrdanee with the State of V i s  Underground Storage Tank Regulations. VI- State Water 

Control Board (VSWCB) Code VR 680-l3-02, a Sitc Characterization Study was performed. The Sitc 

Characterization Study adidties include background information rcvicw, performing 19 soil borings, 8 

hydropunch locations, field screening of subsurface soils, soil sampling and analys;S, installation of 9 groundwater 

monitor wells, groundwatu sampling and analysis, performing an eight-hour aquifu test, end paforming 

hydraulic conductivity tests within 2 rnonitoringwclls. This invcst@on revealed the presence of adsorbed phase 

(soil), d i v e d  phase (groundwater), and free phase (floating) pc%mIeum hydrocarbon contamination in the 

vicinity of the high-speed jcf rcEuelcr pits, otherwise known as the Fitwing Fuel Pits. 

The soil data indicate oncenVaCions of toIal petroleum hydrocarbons p H )  that ercccd theStatc's "adion level" 

of 100 mgFg TPH, located prim* in the vicidy of Lana Om and Two a d  lanes Fm and Six of the 

refueling area. Dissolved groundwater contamhati011 detected in thc study area &ed of volatile organic 

compounds (VOCs). Free phasc hydrocarbons %re detected in RW-O1(>9.0 fcet of product), U)-MW-Ol(7.74 

feet of product), 20-MW-02 (093 feet of product), and 20-EMW-7 (<O.lO feet of product). Contaminant 

concentration patterns indicate two distinct cantaminant plumes suspccled to have originated from I d s  in th. 

recently abandoned underground fuel supply pipeline. The analythl data do not indicate any influence from 

off-site souras or surface relcafcs that may have occlund in the Wtaing area F ~ l d  obscNgtiars indicate that 

groundwatu is migrating to thc south to wnthwcst at a rate of approximately 2 to 39 ft/yr. 

Of the VOCs deteaed in the groundwater at the I c ,  fm paramttcrs, bcluene, chlombemenc, I,% 

d i c h l o r o ~ ,  1 , 3 - d i c h l ~ ~  and 1.4-dichloroheuzenc, had eommtdons that exceeded thc maximum 

contaminant level (Ma) atabkhedby thc US. Environmental Protection Agency (USEPA) for d r i i g  water. 

Several soil samplcs =re llso detected that ueaedcd the VSWCB edaction I d '  for TPH ~oocentratioms in soils 

of 100 &kg. Despite thcse concerns, the risk emhation inv&igation indicates that no human or environmental 

receptors are impacted by contambation at the sire. From a qualitative perspcaivE, the contaminants identified 

do not appear to represent or pose an immediate public health risk since there docs not appear to be 

opportunities for crposwe to contaminants. 



Based on investigation results and regulatory requirements, remediation of the soils in the vicinity of the Fitwing 

Fuel Pits is recommended. Prior to any soil or groundwatw remediation, free produd is to  be removed as the 

source for continued groundwater contamination. The installation of a well pumping and product recovery 

system is recommended after free product recovely. As part of the remediation process, pumped groundwater 

should b e  treated by air stripping and contaminated soil allowed t o  remain in-place and passively remediite. 



1.0 SITE ASSESSMENT 

This seaion of the Site Characterization Report consists of five subsections Subsection 1.1 prc~cnts the 

objectives of the site assessment and background information pertaining to the site. Subsection 12 provides 

information about site structures, regional geologic and hydrologic conditions, climate, and local land and water 

uses. Subsections 13 and 1.4 discuss the investigative methods and fkld/analytical results. Subsection 1.5 

presents the nature and w e n t  of sail and groundwater contamination based upon the data d e c t e d .  

1.1 OBJECTIVES OF THE SITE ASSESSMENT 

Roy F. Weston, Inr (WESTON@), as partners with Baker Environmental, Inc. (Baker) on the Comprehensive 

Long-Term Environmental Action Navy (CLEAN) Program, was contracted by the Atlantic Division, Department 

of the Navy to further investigate the wncerns related to leaking subsurface JP-5 fuel supply lines located at the 

fitwing Fuel Pits, Naval Air Station Oceana PAS Oceana), Virginia Beach, Virginia, between March 1992 and 

April 1992. 

WESTON wndueted the Site Characterization of the Roving Fuel Pits at NAS Oceana, Virginia Beach, V i n i a ,  

from 2 March 199'2 through 9 April 1992 The location of the site is shown in F i r e  1-1. The specific objective 

of the asswment was to investigate the geologic and hydrogeologic conditions at the site in order to def ie  the 

extent and severity of potential subsurface fuel contamination or migration resulting from leaking fuel supply 

lines or surface spills in the area. 

1.1.1 Site History 

NAS Oceana was constructed in the 1940s to be used for routine naval missions and airaaft training operations. 

In the 195% a fuel storage facility area was constructed to supply fuel to high-speed refueling pits otherwise 

known as the Fitwing Fuel Pits. The area of this investa~tion, the Fihving Fuel Pits, is located west of the 

control t o w  between the 5th Street storage tank farm and the day tank. 

In July 1989, Frochling and Robertson (F&R) conducted a preliminary soil assessment at the Wtwing Fuel Pits 

to assess potential contamination from eartier reported leaks due to fuel line wrrosion. The leaks were reported 

during earlier line inspections behween fuel pits 2 and 3, and between fuel pits 5 and 6. During this study twenty- 

seven hand-augured borings were constructed along the Fitwing Fuel Pits to a depth of 6 feet below ground 

surface @gs). Samples were wllected from these boring and halyled for total petroleum hydrocarbons (TF'H), 

oil and grease, ignitability, and polynuclear aromatics (PNAs). The analytical data indicated elevated TPH values 

throughout the area with locally ekvated PNAs. One sample collected near Refueling Pit 4 &ited high lcvzls 
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of oil and grease. A review of the TPH data indicated two anomalous areas along the fuel supply f ie .  These 

areas occur between pits 1 and 2, and in the vicinity of pit 4. 

In September 1990. O'Brien aid Gere Eogineers, Inc. installed four monitoring wells around the fuel pits to 

assess the site for potential groundwater contamination. Neither soil nor groundwater contamination was 

detected during this phase of investigation. However, subsequent construction during 1991 of a new underground 

fuel pipefie running parallel to the existing pipeline revealed fuel-saturated soils warranting additional 

investigation to assess the magnitude and extent of subsurface contamination. The fuel-saturated soil 

contamination was uncovered approximately 20 yards west of the existing underground fuel pipeline and in the 

vicinity of Fitwing Fuel Pits 1 through 3. 

12 AREA CHARACTERISTICS 

This section provides a general site description regarding the regional setting of the study area Information 

about site structures, regional geologic and hydrologic conditions, climate, and local land and water uscs have 

been included to characterize the study area. 

13.1 Site Description 

The Fihving Fuel Pits are located west of the traffic control tower along the taxiway to Runway 5. The area 

includes six refueling pits separated by grassy medians that extend northeasterly approximately 2,400 feet. The 

traffic areas are constructed of fitted 15-foot by l5-foot concrete slabs approximately 11 inches thick. NcwIy 

constructed sections eoosist of poured concrete. The conaete scams are sealed with an asphalt-based packing 

to reduce surface water intrusion. In areas currently undergoing construction, signs of surface water or fuel 

leakage were observed along e x p d  seams. 

122 ~egional Geology 

NAS Oceana is located in the Atlantic Coastal Plain Physiographic Province. The geology of this province is 

characterized by unconsolidated sediments of Cretaceous, Tertiary, and Quartenary ages that dip gently eastward 

from the FaU Zone and rest on a Pre-Cretaceous-aged bedroek (VSWCB, 1973). The Fall Zone is roughly 

coincident with Iaterstate 95, which runs north-south through Virginia. Consolidated bedrodc indudes crystalline 

igneous, metamorphic, and scattered Triassic age Cred bed.) sedimentary I&. 

Unconsolidated sediments include interbedded sands, silts, and clays. The sands are typically fo~iliferous and/or 

glauwnitic, indicating a marine and estuarine origin. Surficial deposits of the region belong to the Columbii 



Group, whose ageis boscly d c f i  as Post-Mi- Tbcsc sediments arc predominately sands and gravels and 

supply groundwater to low-yidd water table wells in pa& of the bccghn 

U n d e r h  the Columbia Group are Miocene deposits of the ChesPpcllrc Group. The Yorktown Formation 

is the uppcmmt unit of Lbc group, consisting of fmrilifemus sands, mark, a d  ooquinas. Like the CoIumbia 

Group, this formation supplies groundwater to water tabk wclls in the area. The Yorktown F 4 o n  is a 

shclly, tine-grained sand that gndw into a series of interbedded silty sands with clay at its bsse. Thc Eastover 

Formation Contains a characteristic bluish-gray to gremth-gray color. The St. A h f s  F o r m a h  underlies the 

Eastover Formation in the northern part of WillLmsburg and in the bva pcniarulq but is not present in the 

study area. Thc C a l d  Formation also llnderlics the Eastmr Formation and is (pmped of dark peen, 

glaueonitic clay, intexbedded with sandy clay and mud. It is approximately 200 feet thick in the Hampton area 

The Cahhtt Formation is a substantial aqdtard separating theupper Yorktown-Eastm aquifer from the middle 

Chickahominy-Kncy Point Aquifer. Each of these aquifers consist d he- to mcdium&ed sands and vary 

in tbickncu across the region 

Early Eocene deposits of the Marlboro and Nanjjunay Formations underlie the late Eofcne dcaoeits. Thcsc 
Formations act as an aquitard between the Middle and Lower Aquifer Syrtems. Included sediments are 

characterized as he-grained sands, silts, and days often referred to as *green sandm or %lack sand' depmding 

on the quantity of glaucwite prcsmt. 

The Yorktown Famation can be diitbguihd from the &l$ng Calm Formation by abundant and markedly 

coarser-grained sand and g r a d  beds, and mom abundant and thicker shell beds. The Ymktown is also lighter 

in edor than the upper member of the Cahrcrt. 

Paleocene deposits indude the Aquia Formation and the Potomac Group. Thcst dtp~iIts arc typically 
interbedded sands, silg and days and comprise fhe L m r  aquifer of the +. Thk aquifer is wt WCdt'Cly 

dmlopcd. 

This Jtction provides regional infonuation on groundwatex and surfatx water. Principk aquifers and surface 

water fcahues in the study area art discuscd Mow. 

Thc hydrogedogic framework of the Norfolk area includes four priadpal aq&x& one u n c d i d  and tbrcc 

confined. Them aquifers and thcir gcobgic equivalents are as fdlows: 1) the warn table aquifer (mostly thc 



Columbia Group); 2) the Yorktown Aquifer (upper part of the Yorktown Formation); 3) the Eocene-Upper 

Cretaceous Aquifer (lower part of the Calbert and the Mattapoin Formations); and 4) the Lower Cretaceous 

Aquifer (the Potomac Group). Contining beds behveen and within the aquifers retard, but do not prevent. 

vertical movement of groundwater. Overall. the water-bearing units comprise a leaky aquifer system with 

groundwater generally flowing easterly towards the Chesapeake Bay. The Lower Cretacu)~ Aquifer exhiits 

the most wrhement (Siudyia et al, 1981). 

The Columb'i Aquifer wnsists of be& and lenses of sand and some gravel shell beds, silt, sandy day, and clay. 

The sand and shell beds and lenses (i.e, the major water-bearing strata) are heterogcnm~ and d i i t i n u o u s  

because of the wmplex marine estuarine environments in which they were deposited. Sand units yield quantities 

adequate for domestic and small industrial demands. Individual well yields range from 5 to 50 gallons per minute 

(gpm) and speac capacities range from approximately 1 to 2 gpm/ft (Siudyla et al, 1981). Groundwater in 

coastal regions may be saline (Hamilton and Larson. 1988). 

The Yorktown Aquifer underlies the Columbia Aquifer. Major water-bearing zones comprising the Yorktown 

Aquifer are found in the upper 50 to 100 feet of the Yorktoum Formation. The water-bearing wnw arc 

composed of beds 5 to 20 feet thick of fine- to coarse-grained sand, gravel and shells. The Yorktown Aquifer 

is separated from the overlying water table aquifer by beds of silt, day, and sandy day approximately 20 to 40 

feet thick Groundwater in wastal regions may be saline in the lower part of the aquifer (Hamilton and Larson, 

1988). 

Well yield and spedfic capaaty data for the Yorktown Aquifer are Limited. Reported well yields range from 12 

to 304 gpm, with an average of approximately 87 gpm. Specific capacities range from 05 to 14.4 gpm/ft, with 

an avcrage of 5 gpm/ft. Domestic well drillers in the area indicate that smaller diameter (l-lk-inch to Zich) 

well yields range from 5 to 50 gpm (Siudyla et al, 1981). 

The Earme-Upper Cre tacu)~  Aquifer o m  at approximately 500 feet bgs in the western section of the 
' 

Norfolk area and at depths of approximately 1,W feet in the eastern scdioa. The aquifer wnsists of one or 

two fine- to medium-grained glauconitic sand beds, 10 to 30 feet thick, interbedded with silt and day. 

The Lower Cretaceous Aquifer is composed of interbedded grad,  sand, silt, and day. It is separated from the 

Eoeene-Upper Cretaceous Aquifer by day and silt beds 50 feet or more in thickness. Beds of clay divide. the 

aquifer into several permeable wnw. The top of the aquifer ranges from 600 feet bgs in the nort- to 

approximately 1,100 feet in the eastern section. The bottom of the aquifer rests on basement rodrs at a depth 

of 2.000 feet in the west to approximately 4,000 feet in the east. Well +Ids for this aquifer range fmm 200 to 

1,000 gpm, and spcdfic capacities range from 29 to 30.8 gpm/R (Siudyla et al, 1981). 



1332 Surface Water 

Stonnwater in the refueling area is directed by way of surface contouring to grated storm drains that empty into 

open drainage ditches. Water also seeps through concrete scams into the underlying soilJ, as indicated by 

staining on exposed seams in a construction site located near the study area. The sandy nature of the d a a l  

soils may also allow for ground seepage, raeharging shallow groundwaters during periods of rain. 

Surface water continues to travel downgradient to the nearest surface. water body which is West Neck Qeek 

located approximately 2 miles to the southwest. West Neck Creek ewntually empties into h d o n  Bridge Qc& 

which is a tributary of Eastern Branch L y n d m a  River. Manmade installed in the drainage pathways 

consist of oil booms and wicks. While these structures are designed to filter and control floating petroleum 

product, the structures do not remove diiolved petroleum compounds. 

The President of the United States' Executive Order 11296 of 11 August 1966 and Operation Navy Instruecion 

(OPNAVINST) 11010.22, set poliaes and procedures for the study and development of land in floodplains. The 

purpose of the studies is to prevent unemnomic uses and lessen the risk of loyes from flooding on federal 

installations and Federally t i m u d  or supported projecls. Two floodplain studies were prepared by the Cmps 

of Engineers, Norfolk District, US. Amy, for the Cities of =ginia Beach and Chesapeake in July 1969 and 

December 1 4  respectively. Prom the report data, two flood levels at NAS OCEANA have been established 

for planning purposes: the Intermediate R ~ o n a l  Tidal Flood (a tide having an average frequency of oceurrenfe 

of about once in 100 years) and theSfagdard Proied Tidal Flood (the largest flood that can be expected from 

the most seven combination of meteorological and hydrological conditions eonsidered reasonably eharactuistic 

of the geagraphieal region involved, excluding extremely rare combitbas). 

The Master Plan ad- only those floodplain arw that have a direct impact on NAS OCEANA and its 

immediate vicinities. Urban development, although modifying the cakliag eontours and drainage patterns in 

areas adjacent to this installation, has minimal effect 011 conditions existing on-station. While this site is subjca 

to rainfall inundation. it is not located in either of the above-mentioned floodplains. 

The dimate of the V i  Peninsula ic moderate amthental with mild winters and long, warm summers. Tbe 

average monthly temperatures in the area rz~ngc from 40eF in January to 78.4.F in July. Precipitation is well 

distri'buted throughout the year, with the hcavicst rains ormrring in July and h g u t  ' I l~e fmmgc annual 

precipitation is 45.22 inches. 



12.5 Lacal Land Use 

Land eovrr in the subjcet area is considered to be mixed urban. Local land ws arc rdatcd to base operations 

and indude commercial, residential, and industrial aaivities. The site is bordered on the north by a grassy 

median containing a hrd transfer tank (the day tank), on the west by a concrete taxiway, and along the south 

and cast by conuete-mwred aircraft parking areas. Further to the east are numerous hangar buildings and the 

wntrol tower. 

While the area is mhcd urban, the immediate vicinity is open grass and concrete paving. The only subsurface 

conduit appears to be fuel supply lines. Sampling was performed near these lines to identify the possibility of 

conduit contamination. 

12.6 Wdl Survey 

As required by the Viginia State Water h h o l  Board (VSWCB), pumping and injection wlls within a 1-mile 

radius of the site were identified. This search was accomplished by wntaaing the VSWCB. As shown in F m  

1-2, 2 pumping wells and 2 destroyed we&. were identifled within approximately 1 mile of the site. Table 1-1 

summarim the infonuation available about the web and Appendix A presents a printout provided by the 

VSWCB detailing well information for these. wells. Each of the 4 we& is owned by NAS Occana The 2 wells 

in use were reported to WESTON by NAS Oceana personnel to supply water for the washing of aircraft and 

are not used for Wing water purposes. 

13 GATMI METHODS 

F~eld activities wcre conducted from 2 March 1992 kough  l3 March 1992, and from 31 March 1992 through 

10 April 1992. These activities included soil bo- monitoring well installation, aquifer testing, and soil and 

groundwater sampling. The following scctions discuss the methodology employed for these activities. 

13.1 Soil Boring Activities 

Nineteen borings werc advanced in the vicinity of the Fitwing Fuel Pits located at NAS Occana as shown in 

Figure 1-3. The boreholes werc advanced using %-inch (inner diameter) boIIoWaem augers. Each boring was 

advanced to a depth ranging between 10 to 19 fcct bgs. Soil cuttings obtained during d d h g  activities were 

containerized in steel 55-gallon drums and stored on-site. 

Split-spoon samples were colle-cted at continuous 2-foot intervals. Specific sample intervals were determined by 

the site geologist based on geologic variability and monitored organic hydmca~bon mncentntions. All soil 
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TABLE 1-1 

RECORDS OF WELLS WITHIN ONE MILE OF THE sm 

a - Iniomutlon suppSed by NAS Occam Envtonmalal Deputmart. 

Note: 1) WeU numben are shown on Flgure 1-2 and are those assigned by the Virghia Slate Waler Conlrd Board (VSWCB). 

Source: VSWCB ndewater Regbnsl Olfica. Other Ne hfomtion Is presmted in Appendix A 



8 WESTON H O h . l i ~ l N C  WELLS (MW) 

TEST WELL (TW) 

0 SOIL BOREHOLES (SB) 

0 ABANDONED BOREHOLES 

PIEZOMETERS (PZ) 2 0 - 5 8 - 0 7 / 2 0 - M W - 0 7  

0-SB-11/20-MW-06 

20 -S8-10 /20 -MW-05  

0-SB-OS/20-MW-02 

20-SB-OSb 



samples were visually dadkd by the site geologist and recorded in a field log. The d d ~ c a t i o n  included 

characterization of soil typc, color, moisture content, relative density @low counts), and other pertinent 

information such as evidence of petroleum contamhation. Standard penetration t a t s  (SPT) wcrc conducted 

following ASTM 1586 G u i d e l i n ~  Copies of the test boring records are. provided in Appendix B. 

In addition to soil cladication, each soil sample was saccned with an HNU photoionization detector (PID) to 

check for the presence of total volatile organic vapor. The measurements were used to assist in determining the 

locations of soil samples and groundwater monitoring we&. 

Drilling equipment, induding hollow-stem augers, drill rods, and split-spoon samplers, was decontaminated to 

minimize the potential for aou-contamination between boringlocationr. The hollow-stem augers and drill rods 

wcre decontaminated using high-pressure steam. Split-spoon samplers and sampling s m p s  were decontaminated 

between samples by washing in Alconox solution (nonphosphate) and rinsing in isopropyl alcohol and distilled 

water. Decontamination fluids were contained within a temporary decontamination pad/area located at the Jet 

Engine Test CAI Area to prevent fluids from spilling onto the ground surface. These fluids wcre wenlually 

transferred into 55-gaUon steel drums and stored on-site. Upon completion of the site adivitiy the stored 

wastewaters were transported to an oil and grease separator pit where the drums were emptied into the facilities 

wastewater treatment system. The separator pit is located nuu  the fuel storage tank farm. 

133 Soil Sampling and Analysis 

Two soil samples were couceted from each boring and submitted for chemical analysis. Each of the rclcded soil 

samples wee analyzed for TPH and bcmne,  toluene, ethyl benzene, and total xylcncs 0. Additionally, 

two duplicate soil samples were submitted for chemical analysis for each parameter listed above. 

The samples were collected via 1%-inch diameter split-spoons as discuved in Subsection 1.3.1. Because of the 

saturated unconsolidated nature of the material below the water table, soil samples d d  not be ntricvcd from 

several of the boring5 below the water table. Samples selected for chemical analyses werc obtained at depths 

near or above the water table or from intervals witb elevated HNU readings. Standard sampling intaval.~ that 

were scLcded for M e r  chcmical analysis wcre from 2 to 4 feet, and 6 to 8 feet bgs. 

Each soil sample mllected for chemical analyses was transferred into a laboratory-prepared bottle, properly 

labeled, and placed in an ice chest cooled to approximately 4.C The samples were transported by automobile 

to Enviromental Testing Services, Inr, in Norfolk, V i  for analysis. The samples w e n  aoatyrcd for TPH 

(EPA Method 8015 ModXed) and BTEX (EPA Method 8020). Appropriate chain-of-custody documentation 

accompanied the samples to the laboratory. 



133 Monitoring Well Installation 

Shallow groundwater monitoring wells w e  constmaed in 7 of the 19 soil borings. The locations of these wells 

are shown in Figure 1-3. Monitoring well locations were selected to asses relative urntaminant concentrations 

and to establish outer limits for free produet and dissolved phase contaminant plumes. In addition, the 

monitoring wells provided information on the groundwater flow patterns in the area. The depths of the 

monitoring weUs ranged from 12.7 to 14.0 feet bgs. Table 1-2 provides a summary of well constmetion details. 

Prior to well construetion, boreholes were reamed using a Wmch (inner diameter) hollow-stem auger to the 

selected depth for screen placement. Due to the flowing nature of the soils, wells were constructed inside the 

auger, which was extracted gradually during construction of the annulus. The monitoring wells were construaed 

of 2-inch nominal diameter Schedule 80, flush-joint and threaded PVC casing, with a 10-foot long 0.010-inch 

slotted screen. A warse-grain (No. 3 Wter Sand) sand pack extending above the top of the screen was placed 

in the annulus between the saeen and the borehole wall. A bentonite pellet seal was constructed above the sand 

pack and hydrated with potable water. The remaining annular space was backfilled with a cement/bentonite 

mixture to ground surface. A flush-mounted manhole cover and PVC locking cap were fitted at the top of each 

well. Well construction diagrams for the monitoring wells we presented in Appendix C. 

Following the construction activities, each monitoring well was developed until the groundwater was essentially 

sediment-free. The wells were developed by surging for approximately 10 minutes and pumping using a 

diaphram pump. Approximately 50 gallons (approximately 38 well volumes) of water was removed from each 

well. The water recovered from each well was containerized in 55-gallon steel drums and stored at a central 

staging area on-site. The water was later disposed of at the oil and grease separator pit located near the facility 

fuel tank farm. Monitoring well 20MW-01 wntained abun.dant free produet and produeed only 20 gallons of 

fluid during the pumping interval. 

13.4. Hydropunch - Groundwater TesUng 

Eight hydropunch probes were advanced into the ground to depths from 8 to 9 feet bgs. The depth of placement 

was determined based on information obtained regarding the depth to groundwater from WESTON'S initial 

borehole installations. The hydropunch locations are indicated in F w r e  1-3. 

The hydropunch probes were used to colkct grab samples from the upper water wlumn for field screening of 

dissolved phase petroleum compounds and for laboratory a++ of purgeable aromatic hydrocarbons. The 

information obtained from the field screening was us& by the Geld geologist to aid in determining the locations 

of soil barings and monitoring wells. 



TABLE 1-2 

SUMMARY OF WELL CONSTRUCTlON DETAILS 

MSL . Menn sea level. 
bgs - Below ground sudace. 



An H N @ - ~ a n b ~  field testing kit was used to screen groundwater samples from each hydropunch location. The 

test is sensitive to petroleum hydrocarbons and is able to approximate hydrocarbon concentrations to 0.5 ppm 

by matching the color of the test fluid to established color gradients. Results of the field testing are presented 

in Table 1-3. 

Groundwater samples were also collected for analytical testing by the laboratory. The Samples were anal& 

for VOCs according to EPA Method €02. Analytical results for the groundwater samples cokcted by the 

hydropunch procedure are presented in Table 14. 

135 Fluid Level Measurements and Well Elevation Survey 

Fluid level measurements for each well were recorded in the site log during the field investigation and prior to 

groundwater sampling. The depth to water was measured using an oil/water interface probe capable of detecting 

product layers as thin as 0.01 foot. Depths were measured to the nearest 0.01-feat. The interface probe was 

decontaminated between readings by washing with an Alconox wash and rinsing with hwrane, isopropyl alcohol, 

and distilled water. 

Free product was detected in monitoring wells U)-MW-Ol,u]-MW-02, and in one previously existing well 20- 

EMW-07, constructed by O'Brien and Gere Engineers, Inc Monitoring well WMW-01 contained 7.74 feet of 

free product and monitoring well 20-MW-02 indicated 0.93 feet of free product thickness upon initial installation. 

Monitoring well DEMW-07 indicated less than 0.1-inch of product. 

Each of the newly installed monitoring wells was surveyed by the firm of Mir-Stephenson, PC of V i  

Beach, Virginia. The top of casing and ground surface elevations were measured for each well location to the 

nearest 0.01-foot relative to mean sea level (MSL). The top of casing and ground surface elevations for each 

monitor well are given in Table 1-2 

13.6 Groundwater Sampling and Analyses 

Groundwater samples were collected from 6 of the 7 monitor wells on 12 March and l3 March 1992, and from 

the hydropunch locations and the existing monitoring wells from 31 March 1992 through 4 April 1992. 

Monitoring well 20-MW-Ol was not sampled due to the abundance of free phase hydrocarbons. The 

groundwater samples were analyzed for VOCs using EPA Method 602 and TPH using O A  Method 418.1. 

Additionally, one duplicate groundwater sample for QA/QC purposes was collected and analyzed for VOCs and 

TPH. 



TABLE 1-3 
SUMMARY OF FIELD SCREENING RESULTS FOR AROMATIC HYDROCARBONS 

HYDROPUNCH TESTS 

a - Feel below ground surfam. 
b - Free product encountered. 
NR - Not r8mrd.d. 
PPM - Pans per million. 



TABLE 1-4 
SUMMARY OF CHEMICAL ANALYSES FOR GROUNDWATER SAMPLES 

COLLECTED BY HYDROPUNCH PROCEDURE 

a - Analysls pdormed by EPA Method 602. 
b - Mdmurn Contaminant Level in rnluoaramslllter MU as set by Emergency Reguhtlons to Water Quality Standards VR880-2101 lor dl other surface waters. - .  - 
E - Federal Drlnking Water Standard lor ~enzene IS 5di. 
NA - Not a~diceMe. No repulatoly level established. 
EDL -  elo ow Detection ~ i m i i  

Notes: 1. 20-HP01 was onty field screened using the HNUcHanby Method. No sample was collected due to abundant free product. 
2. Three trip blanks were analyzed with values of each parameter lor each neld bhnk below 1 pplL. Trip blank analyses are Included In the laboratoly data presented In 

Appendix F. 



Dedicated polyethylene bailers were used to purge and sample the monitoring wells. Purge water was 

wntainerizd in 55-gallon steel drums and stored at a central staging area on-site. Water characteristics such 

as turbidity, color, odor, and the presence of free p b m  hydrocarbons were recorded in the site log. 

Groundwater samples were collected from the wells using the dedicated polyethylene bailers. The samples were 

transferred into laboratory-prepared sample containers and placed in an ice chest cooled with ice to 

approximately 4-12. Groundwater samples were collected at the air/water interface by slowly pouriog water 

from the bailer into the appropriate sample wntainer to minimike volatilization. The samples collected from 

monitoring well 20-MW-02 were collected through the bottom of the bailer to avoid sampling the Zree phase 

hydrocarbon layer. The samples were transported by automobile to Environmental Testing Services, I n r  in 

Norfolk, Virginia, for analysis. Appropriate chain-of-custody doeumentation and a trip blank sample 

accompanied the samples to the laboratory. 
-. 

13.7 Hydraulic Conductivity Tests 

Hydraulic conductivity tests (also commonly referred to as slug tests) were conducted in 2 monitoring weUs (20- 

MW-03 and U)-EMW-07) on 7 April l9m The hydraulic conductivity test is performed by rapidly inserting or 

removing an object, ie.. a "slug", within a monitoring well. The slug displaces a volume of groundwater withi 

the monitoring well. The resulting rise and/or fall of the groundwater level is measured with respect m time. 

For the hydraulic conductivity tests perfonned at monitoring weUs MMW-03 and 20EMW-07. the slug used 

was a Teflon rod, 5 feet in length and lk inches in width. Due to the rapid rewvery rates antiapated for the 

site, the rix. and/or fall of the groundwater IeveIs was measured using an electric pressure transducer and 

recorded with an In Situ SEZMX) Environmental Data Logger. The Tenon slug and pressure transducer were 

cleaned b c m n  wells using a nonphosphate soap solution and were rinsed with distilled water. 

13.8 Aquihr Pump Tests 

Aquifer pump tests consisting of a stepdrawdown and a constant rate 8-hour pump test were performed at NAS 

Oeeana in order to understand the madmum pumping rate at which the surfiaal aquifer in the vicinity of the 

Fitwing Fuel Pits will produce water and to understand the area of capture created while pumping. The tests 

also produced very important hydrageologic parameters for the aquifer. 

The processes and equipment used during the two aquifer tests (step-drawdown and constant rate) were the 

same with the only difference. in the tests being the length of the tests. At the beginning of each test, a Qinch 

submersible pump powered by an electrid generator was lowered into the well and set to a depth of 1-foot 

above the bottom of the welL Next, a pressure transducer was lowered into each well that was to be monitored 



during the tat .  The transducers were used to detect presswe changes in the well as the test progressed and 

were wmected to a data logger, which converted the pressure r e a d i i  into water levels and matched the water 

level to a particular point of time, measured from the beginning of the test. Each data point was stored in the 

data logger memory for later retrieval by computer. The results of this test is presented in the results portion 

of this report (see Subscdion 1.4.22). 

1.4 INVESTIGATION RESULTS 

This section presents the results of the site characterization aaivities. Site subsurface conditions are discussed 

and are followed by a description of the nature and d e n t  of petroleum hydrocarbon contamination as indicated 

by the available analytical data. 

1.4.1 Site Soils and Geology 

The surficial gwlogic unit in the study area is the Lynnhaven Member of the Upper Pleistocene Age Tabb 

Formation. This unit consists of dayey and silty sand grading downward into a coarse-grained gray sand. The 

thickness of the Lynnhaven Member ranges from 0 to 20 feet and forms the water table aquifer (Columbia 

Aquifer). The Lynnhaven Member Aquifer is underlain by relatively impermeable sediments, including silts, 

days. and sandy days ranging from 20 to 40 feet in thidmess (Mion et. al., 1989). 

Soil samples were obtained from each of the 11 borings to characterize subsurface soil conditions. In general, 

the refueling area is underlain by 3 to 5 f ee  of sand, silty sand, and clay, and 05 to 3.0 feet of dark day followed 

by medium- to coarse-grained greenish-gray sand. Copies of the boring logs describing the soils encountered 

are provided in Appendix B. A geologic cross-seerion is presented in Figure 14 that illustrates an inaease in 

silty sand and clays to the south. This gradation resulted in slower produetion rates during monitor well 

development activities (approximately 75 gpm to the north and 1.8 gpm to the south). 

A clay layer ranging from 05 to 3.0 feet in thickness was obsemd throughout the area. The basal contact of 

chis clay is approximately 5 feet bgs. This contad approximates water table measurements for the area, 

suggesting that the aquifer is locally contined The presence of elevated hydrocarbon levels in the underlying 

sands indicates the day layer is inconsistent or, at best, a leaky aquitard. The concurrence of the base of the 

day and the local water table may also suggest only a eoinadental relationship. Perched water tables were 

encountered in some of the boring at intercepts with day lenses. These features were localized with no lateral 

extent. 
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1.42 Site Hydrogeology 

The hydrogeologic characteristics of the water table aquifer (Columbia) are influenced in part by various land 

development activities at NAS Oceana. As topogaphic relief across the site is slight, surface water not 

intercepted by storm drains or ditches would flow south to southewest, and would eventually disfharge into the 

West Neck Creek. B a d  on available data, it is not dear what effea the overlying day has on I 4  groundwater 

recharge and movement. This layer may only slow vertical movement of groundwater and not act as a true 

conruing layer. Considering the surface water factors discussed in Subsection 1.232, most of the groundwater 

recharge would migrate laterally towards natural and developed discharge arms through the surfieial aquifer. 

Downward movement of groundwater into the lower aquifers is believed to be hindered by the prescnce of an 

aquitard layer consisting of relatively impermeable sediments. 

Groundwater was encountered beneath the site -. between approximately 4 and 6 feet bgs. Table 1-5 summarizes 

fluid level measurements and elevations on 18 March 1992 Based on the 18 March 1992 groundwater elevation 

data, groundwater appears to be flowing southwest across the site (figure 1-5). The groundwater gradient is 

estimated to be 4.2 x lo4 ft/ft in a southwesterly direaion. 

1.42.1 Hydraulic Conductivity Tests 

Each well where the hydraulic conductivity test was performed has a screened length of 10 feet: however, the 

entire length of the screen has the potential to not be completely located within the saturated portion of the 

aquifer due to the variation in the water table and the shallow nature of the wells. Therefore, to avoid any 

problems with air being entrapped around the well and creating false permeability values, rising head (slug 

removal) tests were performed. The test is carried out by placing the slug into the water in the well, allowing 

the water level to equilibrate to prclest levels, and then removing the slug. Water level measurements are 

recorded with time until the water level once again returns to equilibrium. 

Based upon the hydraulic conductivity tests performed on 7 April 1992. the hydraulic fonduct~ty for the site 

ranges from 2.14 x lCT3 to 4.92 x ft/min. The. results of the hydraulic conductivity test are summartcd in 

Table 1-6. 

Using the estimated gradient for the site and the hydraulic conductivity ranges determined for the site, the 

groundwater flow velocity can be estimated using the following equation: 

V = Ki/n, 

Where: V = estimated groundwater flow veloaty 

K = hydraulic conductivity 

i = groundwater gradient 

n, = average effettive porosity, as a decimal fraction 



TABLE 1-5 

SUMMARY OF FLUID LEVEL MEASUREMENTS 
FITWING REFUELING AREA 

18 MARCH 1992 

Notes: a - Calwlaled groundwater elmations based on spedlic gmvily 01 JP.5 jst fuel of 0.82. 
MSL - Mean sea Imel. 
NO - Not detected. 
NS - NO1 surveyed. 



EXISl lNC YONITDRINC YELL 

/ 9 YEsloN Uosl loRrNG WLLS 

13.86) GRWNDWATER ELEVATION 
(FEET A3DC MEAN Y A  LCYEL) 

GROUNDWATER ELEVATION 
ADJUSTED DUE 10 FREE PHASE 
HIDROCAaSCNS 

20-MW-07 (14.50) 

20-MW-05 (14.39 

20.-MW-02 ( i 3 7 4  



Notes: 

TABLE 1-6 

SUMMARY OF HYDRAULIC CONDUCTIVITY TESTS 

1. The methods and equations used to interpret and reduce the slug test data are based on 
information published in two papers: 'A Slug Test for Determining Hydraulic Conducthii 
of Unconfined Aquifers Wth Completely or Partially Penetrating Wells*, Herman Bouwer and 
R. C. Rice. Water ResourcesKesearch. June 1976. Vdume 12. Number 3; and The Bwwer 
and Rice Slug Test -An Update", Herman Bouwer. Groundwater, May-June 1989. Vdurne 
27, Number 3. 

2. Hydraulic conductivity tests conducted on 7 April 1992 using an In Siu Environmental Data 
Logger (Model SEZ000) and pressure transducers. 



Using the range of values calculated for K of 214 x 1r3 to 4.92 x 1tT2 ft/rnin calculated from the hydraulic 

conductivity test, a groundwater gradient o f 4 2  x lo4 fi/ft, and an estimated effective porosity of028 (Fetter). 

the range of groundwater flow velocities are calculated as 321 x 104 to 7.38 x 1@ ft/min or 2 to 39 fcet/year. 

1.422 Aquifer Tests 

Aquifer tests (pump tests) consisted of a stepdrawdown and an Bhour wnstant rate aquifer test. W e k  that 

were used for the stepdrawdown and pump tests were located h the Fihving Fuel Area. The pumping well was 

TW-01 and the observation wells were PZ-01, PZ-02, and 20-MW-06 1-3). 

The stepdrawdown test was the first aquifer test performed and consisted of a four-step pr- where the first 

three steps were pumping phases and the last step was the recovery stage. The initial step was 30 minutes of 

pumping time, whereas the second and thud stEpvere ntn for approximately 60 minutes. The recovery interval 

was designed to last approximately 12 how$ but it was discontinued after only 38 minutes because of artif'dal 

recharge from the discharge line. 

The second aquifer test (the constant rate aquifer test) consisted of two steps - the initial %hour pumping phase 

followed by a 14-hour, 39-minute recovery phase. 

After all data had been wUcded, the information was downloaded into a computer from the field data logger. 

The computer program, AQTESOLV, was used for determination of aquifer properties (i.e., transmiss~ty and 

storativity). 

Transmissivity and storativity were determined from data achieved during the pump and step-drawdown tests. 

Transniss'~vity, in this ease, refers to the product of the average hydraulic wnductivity and the thickness of the 

aquifer. Thus, it is the rate of flow under a hydraulic gradient equal to unity through a cross-scetion of unit 

width over the whole thickness of the aquifer (Kruseman and De Ridder, 1983). The dimensions for 

transmissivity are 1ength2/time. The storativity or storage coefficient is defmed as the volume of water released 

or stored per unit surface area of the aquifer per unit change in the component of head normal to that surface 

(Kruseman and De Riddw, 1983). It is dimensionless. The values achieved for transmissii snd storativity are 

given in Table 1-7. 



TABLE 1-7 

AQUIFER PROPERTIES AT NAS OCEANA 

PUMPING WELL 

SOT.SO indicates S t e p h w d o m  Teat (Step 0) 
SOTS1 indlcatn StepDRwdm Test (Step 1) 
SOT-92 lndlcatn Step-Drawdown Test (Step 2) 
RT indicates Recovery Test 
PT indicates Pump Test 
gpm - gallons per minute 



The Theis method was applied to all data achieved during the test to derive the transmissivity and storativity. 

Other methods were also utilized (i.e., Cooper and Jawb); however, the values were similar, thus the Theis 

method was favored. The trawmissivity was determined from the data by the equation below: 

where, Q = the W a r g e  rate in feet cubed per day 

s = the drawdown in feet measured in a piewmeter or well at a 

distance r in feet from the pumping well 

W(u) = Theis well function 

The storativity (6) was determined by the following -. 

where, T = transmissivity in feet squred per minute 

t = the time in minutes since pumping started 

r = the linear distance from the piemmeter or well to the pumping well 

The initial phase of the stepdrawdown test (Step 0) produced very similar transmisivity and storativity values, 

however, as the pumping steps progressed and the pumphg rates were increased, the values became widely 

variable (Table 1-7). For example, the transmissivity values obtained during Step 1 of the test varied as much 

as 2245 @/min. According to Table 1-7, the most aberrant transmissivity values produced during the step 

drawdown test were from the piemmeter PZOZ readings and may be a result from diierences in hydraulic 

gradient or aquifer material. 

Storativity values derived from the data of the step-drawdown test are relatively consistent in the initial step (&ep 

0). however, they begin to vary by a factor of 2 during Steps 1 and 2 Once again, the values aehieved from the 

data of piezometer PZ-02 are hiier. especially in Step 1. 

The values achieved for storativity and transmissivity from the pump test and recovery test are also variable, and 

have even greater dnereuces than those of the stepdrawdown test. For example, the lowest value determined 

for the transmissivity from the r-very test is 0.079 f?/min, whereas the highest is 5545 ft2/min. The difference 



(5.466 ft2/min) in this case is fairly &g~&cant. Storativity values from the recovery test are also significantly 

different and must be compared with the average values for storativity from the step-drawdown test in order to 

seem relative. Storativity values form the pump test are relatively the same as in the initial step of the s tep  

drawdown test, but are larger by a factor of 3 than these in Steps 1 and 2 (Table 1-7). 

The recovery test data from P M l  could not be calculated by any method available because of the fact that the 

water level continues to drawdown for 90 minutes after the pump is shut off, and does not return to zero even 

as the other observation wells do (see Appendix Test 6, Step 2). 

Because the traasmissivity is the product of the hydraulic umductivity and the aquifer thickness, the transmissivity 

values determined from the stepdrawdown and pump test should be similar to transmissivity values calculated 

from the average slug test hydraulic conductivity values multiplied by the aquifer thickness from Table 1-7. The 

average hydraulic conductivity value form the sltzg.tests lor the Fitwing Fuel Area is 257 x 1CY2 ft/minute. When 

multiplied by the aquifer thickness (50 feet), the traasmhivity equals 1.29 fft/minute. The average value for 

transmissivity from all of the pump test, recovw test, and stepdrawdown test data is 1.84 f12/minute. These two 

number are relatively dose and are considered to be in agreement. 

One of the more imponant reasons for canying out the pump test is to determine what the area of capture 

would be for a well that is of the same dimensions as that of the pumping well (Gich inside diameter with a 

10-inch total diameter). Based on data collected during the pump test (Appendix E), the pumping well with a 

discharge rate of 105 gallons per minute effected the observation well, P Z 4  which is 188 feet away from the 

center of the pumping well, in 21 minutes. The pumping was able to draw down the water level in PZOZ 

approximately 4 inches. 

In addition to determining area of capture, the pump test also provided W E S M N  knowIcdge of another 

important hydrogeolic aspect - the maximum discharge rate at which the aquifer will produce water. The s tep  

drawdown test was origbaUy designed to detennine this, but after the last step was completed, it was decided 

that the discharge rate may be increased higher than 8.75 gallons per minute (the discharge rate for Step 2). 

The pump test subsequently utilized a d i r g e  rate of 105 gallons per minute. This rate drew the water level 

in the pumping well (lW-01) down 5.7 feet. The static wafer level in the well was approximately 12 feet. The 

pump was originally set at 20 feet below the surface, had 8 feet of head remaining between the pump and the 

water level. Obviously, the maximum discharge rate was not obtained during this test; however, for a 22-foot 

well (TW-Ol), the madmum rate would not be much over 105 gallons per minute. 



Conclusions regarding the Cmdings of the aquifer tests are as foUows: 

Transmissivities calculated from the pumping tests can be checked against the transmtsivities derived from 

the recovery test Aemrding to Kruseman and De Ridder (1983). the recoycry method has the advantage 

that the rate of recharge is constant and equal to the mean rate of discharge during pumping. Moreover, 

drawdown variations that may result for oscillations in the discharge rate do not occur during recovery making 

the recorded data an accurate representation of the aquifer trammts'~vity. B a d  on this fact, the average 

transmiss'tvity from the recovery tests is 3136 @/minute. The average transmissivity for the pumping test is 

153 ft2/minute. These values are within relative agreement. 

The average storativity value from aU recorded data is 9.14 x lo4. This valne is in a g r m n t  with the 

majority of storativity values for each observation well inwlved in the stepdrawdown and mnstant rate tests. 

The greatest distance for the zone of capture was determined to be 188 feet from the center of the pumping 

well, howver, this is not the maximum extent of the capture zone for the discharge rate of 10.5 gallons per 

minute. It appears that the capture zone may have been larger than 188 feet based on the fad that P Z O Z  

was drawn down relatively quiddy and that the water level dropped approximately 4 inches. Thus, the point 

where drawdown and zero drawdown occurs at the aforementioned discharge rate, is beyond 188 feet from 

the center' of TW-OL 

The discharge rate of 105 gallons per minute utilized during the pumping test does not appear to be the 

maximum sustainable rate. Based on a 22-foot deep well, the 10.5 gallons per minute d i i  rate allowed 

8 feet of head to remain in the well. A higher discharge rate wuld be used to lower the head approximately 

5 feet more in a 22-foot deep well. 

1.43 Field Screening of Soils 

Split-spoon samples wllected during the soil brings were screened with a PID to check for the presence of 

volatile organic vapor. Results of the Geld screening are shown in Table 1-8. Volatile organic vapor 

wncentrations ranged from 0 to 400 units in the samples screened. Samples monitored from b ~ g s  20SB-01. 

20-SB-05,20-SB-08, WB-ll, 20-SB-l3, and 20-SB-15 exhibited readings greater than 100 units. PID readings 

were typically highest in samples dec ted ,  or immediately below the water table. However, one elevated PID 

readings was encountered at a depth near the water table (MSB-11, see Table 1-8). 



TABLE 1-8 

SUMMARY OF PID FIELD SCREENING OF SOILS 

a -Soil bodn had to be onset due to obstruction. 
SB .%ST& sojl bodne. - Borehole temnnaled previously. 
ND - Not doleeled. 
Bank Cell - No PID reading recorded. 



1.4.4 Soil Sampling 

Subsurface soil samples were collected from the 19 boring locations. The samples were a n a l p d  for TPH and 

BTEX and the laboratory results are summarized in Table 1-9. Laboratory analyses are provided is Appendix 

F, and chain-ofastody records are provided in Appendix G. 

Of the 41 soil samples analyzed (two from each boring and three duplicates), 26 samples contained TPH at or 

above the laboratory detection firnit of 1.0 mg/kg. TPH concentrations ranged from 1 mg/ltg to 703 mg/kg in 

soil boring 20-SB-l3 (6 to 8 feet bgs). Soil borings that exhii~ted TPH concentrations greater than 100 mg/kg 

indude 20-SB-Ol. MSB-05; XJ4B-08, ZO-SB-13, 20-SB-L5; and WB-18. These concentrations exceed the 

corrective action level of 100 mg/kg established by the State of Virginia for TPH in soils. Of the remainder of 

the soil samples analyzed, none exceeded a TPH concentration of 85 mg/k& The analytical data indicate tbat 

the TPH detected from these soil samples appears to be representative of the kerosene group of fuels, which 

is similar to JP-5 jet fuel (see the laboratory npom in Appendix F). 

Analytical results for BTEX in soils indicate elevated concentrations of one or more of the BTEX parameters 

in soil borings 20-SB-Ol.20-SBM, 20-SB-04, 20-SBM, MSB-08, 20-SB-33.20-SB-15, SSB-18 and 20-SB-19 

with low concentrations of total xylene in 20-SB-19 and low levels of toluene in MSB-10,MSB-11 and 20-SB-17. 

The analytical nsults are summarized in Table 1-9. 

1.45 Groundwater Sampling 

Groundwater samples we.= collected on 12 and l3 February 1992 from 6 of the 7 newly installed monitoring 

wells, and from 31 March through 9 April 1992, from 8 hydropunch locations and the 5 existing monitoring wells. 

The samples were analyzed for VOCs (EPA Method 602) and TPH (EPA Method 418.1). Results of the 

laboratory analyses are presented in Table 1-10. In addition, field parameters, including pH, temperature, and 

specific conductance, were measwed at the time of sampling. These field parameter measurements are reported 

in Table 1-11. 

VOCs were detected in 2 of the existing monitoring wells (20-EMW-04 and 20-EMW-07) and in hydropunch 

locations 20-HP-M, 20-HP-04.20-HP-05, and 20-HP-06. 20-HP-01 was not sampled, but contained petroleum 

product. The total VOC concentrations (i.e, sum of detcued VOCs) ranged from 3 pg/L (parts per billion-ppb) 

in hydropunch locations 20-HP-02, DHF-04, and 20-HP-05, to 1l.027 in hydropunch location 20-HP-06. 

The highest VOC levels (20-IiP-06) were detected in the vicinity of Fitwing Fuel Pit No. 2. In addition to the 

concentrations detected in 20-HF-M,20-HP-04,MHP-05, and MHP-06, monitor web 20-EMW-04 and 20- 

EMW-07 had total VOC wncentrations of 15 pg/L and 39 pg/L., respectively. 



. . .- - . - 
SUMMARY OF TPH AND B T M  ANALYSIS FOR SOIL SAMPLES 

FllWlNP RBUEUNQAREA 

a - Feet below ground suhce. d . Oupticale sample. 
b . Tffl  reported in rnglkg. BDL . Below dasctlon limit set by the laborato~y (0.01 rnglkg) for BTEX and 1 rn@g for TPH, 
c - B E X  reported in p&. 

~ote:  1) The TPH daecled and reported appears represenlalive lo kerosene. 



TABLE 1 % 
SUMMARY OF W H  AND BTM ANALYSIS FOR SOIL SAMPLES 

FllWlNO REFUNNO AREA 
(haw 

a - Feel below grwnd surlace. 
b . TPH re.poned In mglkg. 
c - BTEX reporled h m. 
d - Duplicale sample. 
BDL - Below deleclion limit sel by the labonlo~y (0.01 mag) for BTD: nnd 1 mg(kg lor TPH. 

Nole: 1) The TPH detecled and reported appears reptesentaWe b kerosene. 



TABLE 1-10 ~~ ~ ~ 

SUMMARY OF TPH AND VOC ANALYSES 
FOR MOUNDWATER SAMPLES 

a .  TPH renotied in m d .  VOCs rwoded in s d .  - .  . 
b . Monlor we1 2 ~ 3 5 - 0 1  was not.samplsd d k  to the abundance of free phase hydrowbons. 
c - 20.HP41 was only Rsld screened using the HNUcHsnby melhod. No sample was collected due to abundant tee phase hydrocarbons. 
BDL . Below detecUon limlt set by the labontory 1 rngA lor TPH and 1 pgl l  for BTM. 



TABLE 1-11 

SUMMARY OF GROUNDWATER FIELD PARAMETERS 
FI'IWING REFUELING AREA 

12 AM) W MARCH 1992 

a - pH valus measured in the field using an h e h  SdenWic pH metar. 
b - Speclflc mduoGvity measured h the field using a YSI mndvctivity meter. 
c -.me M an abundance of frw phaw hydmcarbo~, thin well was not sampled. 
NR - Not reoorded. 



As indicated in Table 1-5, free product was detected in 3 of the monitor wells. In addition, 3 hydropunch 

locations, 20-HP-01.20-HP-02, and 20-HP-06, contained free product. 

Investigation results indicate the presence of adsorbed phase (soil), d i i lved  phase (groundwater), and free 

phase (floating) contamination. Discussions of the nature and extent of this contamination follow. 

15.1 Nature of Contamination 

Historical information, field interpretations, and analpid results coofirm that subsurface soils in the nanity of 

the abandoned underground pipelie near the Wnuing Fuel Pits are contaminated with petroleum-related 

compounds related to kerosene or jet fuels. Mest-of the chemical compounds in petroleum type fuels are either 

aliphatic or aromatics compounds. Aliphatic compounds are organic compounds with h e r  straight or branched 

carbon chains. An example of aliphatic compounds found in gasoline are hwne ,  pentane, and octane. Aromatic 

compounds are organic compounds with a carbon ring structure. 

Kerosene belongs to the group of petroleum products d e d  middle distillates. This group indudes diesel fuel, 

jet fuel, and lighter fuel oils. Products in this group tend to be denser, less volatile, less mobile, and less watw 

soluble than gmline. In addition, this group usually contains a lower percentage of the aromatic hydrocarbons, 

such as benzene, toluene, ethylbenzene, chlorobenzcocs, and total xylenes, than gasoline. The physical/chemical 

characteristics of JP-4 and related compounds (TP-S/JP-X) are shown in Table 1-12 

Petroleum hydrocarbons can be present in the subsurface as liquid-phase hydrocarbons (LPH), dissolved-phase 

hydrombons (DPH), and vapor-phase hydrocarborn (VPH). The migration process of gasoline in the 

subsurface is unique for each phase. Released LPH tend to move downward through the unsaturated zone in 

response to gravity. The vertical migration is generally limited to the vicinity of the release until the hydrocarbon 

comes in contact with groundwater. Since petroleum hydrocarbon is less dense than water and relatively 

insoluble in water. LPH that reach the water table may form a distinct layer (free product) that can float on and 

travel under the influence of the natural groundwater flow regime. 

The DPH migrate in the subsurface by advedion and hydrodynamic dispersion. Advection is the transportation 

of chemical constituents by groundwater flow. Hydrodynamic dispersion is a process by which the chemical 

constituents are mechanically mixed by the motion of the groundwater. Dispersion is responsible b r  diluting 

the concentrations of the dissolved hydrocarbon plume as the distance frdm the source k increased. 



TABLE 1-12 

PHYSICAL/CHEMICU. CHARACITRISTICS OF 
JP-4 AND REL4TED COMPOUNDS 

Color: Colorless to light brown 

0 G k  Fuel-oil; threshold: 1 ppm 

Density: 0.75 g/mL (at 20') 

Freeze/Mclt Point: -7200" 

Boiling Point 60.00 to Z70.00'C 

Rash Point -23.00 to -1.OO'C; closed cup: -W0C 

Flammable Limits: 1.30 to 8.00% by volume 

Autoignition Temp: 240.0 to 242.0DC 

Vapor Pressure: 9.10E+01 mm Hg (at 20-C) 

Satd. conk in Air: 66000E+05 mg/m3 (at 20-C) 

Solubility in Water. 300 mg/L (at ZO'C) 

Vicosity: 0829 cp (at 2l0C) 

Surface Tension: 25000E+01 dynefun ( d m )  (at 2 0 O C )  

Log (Octanol-Water Partions Coeff.): 3.00 to 7.00 
(range for typical components) 

Soil Adsorp. Coeff.: 2.40E+02 to 5.00E+06 
(range for typical components) 

H e d s  Law Const.: 1.00E-04 to LWE+Ol atm m3/mol 
(range for typical components) 

: 5.00E+01 to 5.00E+OS (range for M.d 



The VPH are a result of the volatilization of the constituents in the LPH. Vapor migration is controlled by many 

parameters such as soil permeability, temperature, and moisture. In general, however, VPH tend to follow more 

conductive pathways such as in the vadose zone. 

Groundwater samples wllecfed from monitoring wells and from hydropunch locations indicate the presence of 

VOCs. VOCs detected included: benzene, toluene, ethylbenzene, total g e n e s  (BTEX) andchlorobenzene, 1.2- 

dichlorobell~ene, 19-dichlorobemne, and l,4-dichlorobenzene. BTEX constituents are assodatedwith kerosene 

or jet fuels. However, the source of the chlorinated benzenes is unknown. 

152 Extent of Contamination 

Concentrations of TPH contamination in soils in the vicinity of the Fihving Fuel Pits are depicted in Figure 1-6. 

The distribution pattern of TPH concentrationsin soil indicates that the highest area of soil contamination is 

located in the vicinity of Refueling Lanes 1 and 2 This is supported by PID screening and analytical results from 

soil boring 20SB-O1,20-SB-05,20-SB08, ZMB-U, and 20-SB-18, which are located in the vicinity of Refueling 

Lanes 1 and 2. 

Contours plottted for TPH and BTEX concentrations in soils ( F i r e s  1-6 and 1-7, respectively) indicate the 

presence of two contamination plumes related to the Fitwing Fuel Pits. One plume is located in the vicinity of 

Fueling Pits 1 and 2. The second plume is near Fueling Pits 5 and 6. 

Free petroleum product was detected in three monitoring wells (20-MW-Ol, 20-MW-OS, 20-EMW-07). three 

hydropunch locations (20-HP-01,20-HP-02,20-HP-06), one soil boring (20-SB-OS), and in a rewvery wen (RW- 

01). These test points are in the vicinity of Fueling Pits 1 and 2, as indicated in Figure 1-3. The highest levels 

of free petroleum product were recorded in RW-O1(>9 feet of product) and 20-MW-Ol(7.74 feet of product). 

The product is dear in appearanee, possibly suggesting that the release is relatively recent. 

Groundwater chemical constituents in the vicinity of the Fitwing Fuel Pits arc depicted in Figures 1-8 and 1-9 

for TPH and VOCs, respectively. The contaminant distribution patterns appear to be occurring as hvo 

contaminant plumes located in the vicinity of Refueling Pits 1 and 2, and 5 and 6. The highest levels of TPH 

and VOCs were detected in a hydropunch location ZfbHP-06, which had a TPH value of 270 mg/L and a total 

VOC concentration of 11,027 pg/L. Comparison of the hydrocarbon concentrations in soil with that in 

groundwater c o n f i  the presence of two distinct contaminant plumes from two points along the fuel supply line. 

Based on available data, the estimated direction of plume migration is towards the south-southeast. Jet fuel 

hydrocarbons are expected to be relatively mobile in most soil and groundw'ater WrnL Data collected during 

slug and aquifer testing indicates that the range of groundwater flow velocities are from 2 to 39 ft/yr. Because 











h y d r ~ b o n s  are retarded in their rate of movement through so& it is expected that plume migration rates wilt 

be at a somewhat lower rate than the values calculated for groundwater. 

The following condusions are based on the resuIts of the Site Characterization Study: 

Soil contamination (>I00 mdkg  TPH) was encountered in the vicinity of Refueling Pits 1 and 2, 

with a smaller anomaly occurring between Refueling Pits 5 and 6. The source of the soil 

contamination is l c l y  due to releases resulting from the failure of the underground fuel supply 

lies which was abandoned in 1991. 

Abundant petroleum product wanncountered in the vicinity of Refueling Pits 1 and 2 Maximum 

Free product thicknesses measured during this investigation were Beater than 9 feet in the recovery 

weU (RW-01) and 7.74 feet of product in 20-MW-01. The produft appears not to be weathered, 

suggesting that the free product present b rhe result of recent releases. 

Groundwater sampling revealed one groundwater sample from 20-HPd6 that contained 11.027 

pg/L total VOCs. Specific parameters that exceed current MCLs include b e m e ,  12 
dichlorobenzene, 1 4  dichlorobenzene, and l,3 didrlorobenrene. It is unclear as to the soura of 

the dorinated benzene compounds. 

Other off-site sources for contamination, such as the fuel storage area to the south or the day tank 

to the north, do not appear to have impacted the area of investigation. There are low levels of 

TPH in soils at MMWM that may have originated from an ullderground fucl line to the north. 

However, insuflicient data are available to verify this assumption. 

Groundwater in the investigation site generally flows to the south to southwest. However, a plot 

of groundwater eontours ( F i e  1-7) indicates significant local intluenfy resulting in a shift in 

flow direction to the northeast near refueling pits 1 and 2 



2.0 RISK ASSESSMJZNT 

The objcethrc of the Rid Assessment portion of the S ie  Characterization Report is to: 1) identify the a d  

and/or potential receptors (human or environmental) to any contamhation attributable to the siw, 2) iden* 

the a& and/or potential pathways of exposure; 3) quantify the erposure I&, and 4) evaluate the actual 

and/or potential human and/or eneonmental risk. 

The Risk Assessment section consists of tive subsections. The k t  s u b d o n  identifies the demographics and 

land and water uses m the area. The second subsection identities any actual or potential human or 

environmental receptors that might be affeaed by contamination at the site. The third s u b d o n  kledfies the 

actual or potential wrposurc pathways. The fourth subs& quantifies the exposure I& and the fifth 

subseetion evaluates the potential risk. 

2.1 SITE DEMOGRAPHICS 

NAS Oeeana is located in a mixed urban arca that indudes commercial, residential, and i n d d  activities. The 

Rtwing Fuel P i  are bounded on the norlh and west by taxiway and Runway SR. and on the south and east by 

a hangar and other aircraft-suppon buildin@. The Fitwing Fuel Pits are grassed areas located comete  

e y s .  The areas indudes six refueling pits separated by the grassy medians that extend northeasterly 

approximately 2,400 feet To the nonh and west of the site, grassed areas lie behveen the wnuetc tadwap and 

runway. 

There are 2 pumping wells that were identified within a 1-mile radius of the F*ng Fael PEtb One of the 

groundwater wells is screened from 105 to 131 feet bgs, which is below the level of contamination. The second 

well has a total depth of 30 fcet Both wells were reported to WESTON by NAS 0- personnel to supply 

water for the washing of aircraft and are not used for drinkhg water purposes. The City of V i  Beach and 

NAS Oceana obtaim their drinldng water from a municipal water supply, which is primarily obtained from the 

C i  of Norfolk, V i  (approximately 10 miles west of NAS Oecana). 

2.2 IDENTlFICAnON OF RECEPTORS 

There are limited actual or potential human or nw-human receptors to contamination at this site. For the. mast 

part, the soil contamination detected in the arca oeeurs below the. ground surface. The surrounding surface arca 

is either paved or grassed; therefore, there is little potential for dispersion due to fugitive dust except during 

intrusive activities such as construction or landscapin& Even though groundwater monitor wells installed in the 

area indicate free product and levels of VOCs above the State of V i n i a  and federal MCLs, present and future 

use of the groundwater for uses other than aircraft washing is considered udicly. Sina drinLiag water is 



supplied to NAS Oceana by municipal pipeline from off-site sources, no human receptors of contaminated 

drinking water are expected. 

The distance downgradient to the nearest surface water body is approximately 2 miles to the southwest to West 

Neck Creek, which eventually empties into London Bridge Creek. The potential for impact to human receptors 

appears to be low since manmade structures have been installed by NAS Oceana to filter and catch any 

petroleum that may enter the surface water. Manmade structures installed in the drainage pathways consist of 

oil booms and wicks. While these structures are designed to filter and control floating petroleum produa, the 

structures do not remove dissolved petroleum compounds. These dissolved compounds could potentially affect 

aquatic organisms that may come into contact with them. In addition, buds that feed on these aquatic organisms 

could be affected. 

23  IDENTIFICATION OF EXPOSURE PATHWAYS 

The possible exposure pathways of concern for human exposure may include: ingeslion, inhalation (of volatile 

organics from groundwater and surface water, and particdates), and dermal contact of contaminated 

groundwater and surface waters. Contaminated surface waters and sediments wuld be the likely environmental 

exposure pathways to aquatic organisms. 

Soil contamination was detected at depth in soil; however, as stated previously, human exposure to soils at this 

depth is not likely unless construction or remediation conditions edsf. No surfiual mil samples were collected, 

but since the surroundimg area is either grassed or paved no potential for dispersion due to fugitive emissions 

from soil are wcpeeted. 

There are no known drinking water sources within a 1-mile radius of the NAS Oceana; therefore, no exposure 

pathways for humans are considered to exist (EPkl988). Hence, no tap water samples were collected Other 

private wells may be lofated within a 1-mile radius of the site, but the existence of such wells is not known at 

this time. Groundwater transportation of leached TPH or BTEX constituents into a surface. water receiver is 

an exposure pathway. This pathway is highly restricted by the distanec to the nearest stream and the manmade 

structures installed in the pathway of groundwater flow. Surface water samples were not collected. 

2A OUANTIFICATION OF EXPOSURE LEVELS 

National Primary Drinking Water Regulations (NPDWRs), Maximum Contaminant Lev& (MCLs) Cumently 

exist for TPH, benzene, ethylbenzene, toluene, and total xylenes. The Commonwealth of Viginia has set 

standards for TPH in soil and groundwater. 



Federal and Commonwealth of Virginia Ambient Water Quality Criteria (AWQC) have been established for the 

protection of human and aquatic life. These aiteria are non-enforceable guidelines, which are used to establish 

standard such as MCLs. The estimated surface uater concentrations were compared to the Federal and 

Commonwealth criteria on Table 2-1. The following discussion summarizes water contamination at this site. 

The analytical data for soils and groundwater are presented in Appendh F. The soils data show that 

concentrations of TF'H were detected in the vicinity of Refueling Pits 1 and 2, and between Refueling Pits 5 and 

6. Of the 26 detected TPH levels, the concentrations ranged from 1.0 mgFg to 703 mg/lcg. TF'H concentrations 

were not detected in l.5 out of the 38 samples analyzed. 

BTEX was detected in 21 of the 38 soil samples anal:zed. Total BTEX concentrations ranged from 10 &kg 

to 3,490 pg/kg. The maximum concentrations detected for specific parameters indude benzene (70 &kg), 

toluene (251 pgFg), ethyl benzene (1,050 pg/kg), and total xylenes (2,060 pg/kg). 
-. 

Ni compounds were detected at least once in the groundwater analysis Some of these wmpounds were either 

components of, or additives to, JP-5 fuel. No compounds that were detected at a frequency greater than 50% 

were encountered that exceeded state or federal MCLs. These indude benzene, 1 2  didrlorobeazene, 1.3 

dichlorobenzene, 1,4 dieholorobellzcne, and ehlorobenzene. Benzene was detccted at a frequency of 18% and 

the chlorinated benzene other wmpounds were detcccd at a frequency of 6%. Total xylenes were detected at 

a frequency of 29%. Table 2-1 summarizes the occurrence frequency for VOCs analyrcd in groundwater. 

Benzene was detected in 3 out of the 17 groundwater samples coUected. The range of 

concentration of these detmed levels was IS pg/L to 184 pg/L AU of the detected levels were 

above the federal Drinking Water Standard MCL of 5 pg/L but is below the VSWCB's M U  of 

710 pg/L for benzene. 

Toluene was detected in 1 out of the 17 groundwater samples collected. The conwntration was 

246 p g n  which docs not exceed the VSWCB boundwater or federg Drinking Water Standard 

MCLs (20,000 pg/L and LOMI respectively). 



TABLE 2-1 

FREQUENCY SUMMARY FOR VOLATILES IN QROUNDWATER 

NA - Not app[icable, no sllndards have been set. 

Note: 1) F d e n l  MCLs am based on Ihe Drinking Waler Standard and Slate MCLs are based on the Surface Water Standards with Qenenl. Slatewide Application. 



Chlorobenzene was tentatively identi6ed in 1 out of the 17 groundwater samples at a wnecntration 

of 347 pg/L. This concentration exceeds the federal Drinking Water Standard MCL of 100 pg/L 

l,2-dichlorobenmne was detected in 1 out of the 17 groundwater samples wllected. The 

concentration was 5,060 pg/L The detected level exceeds the federal Drinking Water Standard 

MCL of 600 pg/L but is below the VSWCB's MCL of 17,000 pg/L 

lpdichlorobenzcne was detected in 1 of the 17 groundwater samples collected. The concentration 

was 1,170 pg/L, which exceeds the federal Drinking Water Standard MCL of 600 pg /L  but is 

below the VSWCB's M U  of 2600 p@. 

1,4-dichlorobenzene was deteded in 1 out of the 17 groundwater samples wllected. The. 

concentration was 3,320 pg/L. This exceeds the VSWCB groundwater MCL (2.600 pg/L) and 

the federal Drinking Water Standard MCL (75 pg/L). 

Total xylenes were identified in 5 out of the 17 groundwater samples collected. The concentration 

detected ranged from 3 pg/L to 290 pg/L These concentrations did not exceed the federal 

Drinking Water Standard MCL of 10,OM) pg/L 

Ethylbenzene was detected in 1 of the 17 groundwater samples u)Uuted. The wncentration was 

600 pg/L. This docs not exc.=ed current VSWCB and federal MCb. 

As stated in Subsection 2.2, limited, if any, human or non-human receptors are anticipated to be impacted by 

contamination at this site. Therefore, a quantitative risk evaluation was not performed. From a qualitative 

perspective, the contaminants identified do not represent or pose a public health risk as there are limited 

opportunities for exposure to wntaminants. It should be restated, however, that groundwater concentrations of 

benzene. 12 dichlorobenzene, l,3 diehlorobenzene, 1.4-dichlorobenzene, and ehlorobenzene was deteded and 

slightly exceeded their respective federal Drinking Water Standard MCLs at 1 sample location. At 1 sample 

point, 1.4-diehlorobenzene was detected and exceeded its respective AWQC standards. However, since the 

primary uses for the para-isomer (1.4) of this wmpound are for other chemical compounds and chemical 

synthesis (IRP Toxicology Guide, 1989). it is unclear whether l.4-diehlorobenzene contamination can be 

attributed to the pctroluem fuel release. 



3.0 REMEDlATlON ASSESSMENT 

The Remediation Assessment portion of the Site Characterization Report is presented in four sections. The first 

section discusses the objectives of the Remediation Assessment. In the second section, a discussion of the 

necessity for both soil and groundwater remediation in the vicinity of the Wtwing Fuel Pits. Section 3 describes 

a variety of technologies for soil and groundwater restoration, while Section 4 provides recommendations for the 

type of technology best suited for soil restoration at the site. 

The objectives of this Remediation Assessment is to define the remediation endpoints, and select an applicable 

remediation technology capable of achieving the remediation endpoints. 

In evaluating the desirable endpoint for remediation, federal and state regulations were considered. The 

parameters that were selected as achievable endpoint wntrols were VSWCB's TPH action level for soil and 

practical achievable level for free phased product thickness. VSWCB's action level for TPH in soil is 100 mg/kg 

and the practical and achievable level for free phased product is 0.01-foot or I w .  While the VSWCB aetion level 

for TPH in soil is not eonsidered dean up goals, it is a desirable target to aim for. 

A groundwater endpoint has not been recommended because dissolved contaminants are not viewed as a 

problem for the following reasons: 

Only 1 of 20 groundwater samples taken had a laboratory analysis that revealed moderate VOC 

contamination. 

No d ~ k i n g  water wells were identified within 1 mile of the site. 

a Only 1 of the 8 VOC contaminants analyzed for exceeded AWQC standards. 

a The nearest surface water body is 2 miles downgradient. 

a The migration rate of the groundwater k 39 tt per yr. 

a Limited groundwater hzatment (air stripping) may be provided to the withdrawn groundwater.as 

part of the LPH treatment. 

Diseuyion of the remediation feasibiih,, technologies and rceommcndation is presented below. 
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Soil and groundwater in the vicinity of the Fitwing Fuel Pits have been impacted by petroleum hydrocarbons. 

This has been confirmed by analytical results of soil and groundwater samples collected on-site during this 

investigation (Subsection 1.4). "Action levels" for soil and MCL for groundwater contamination will be utilized 

to determine the need for remediation. The action level for TPH in soil is 100 ppm, as defied by VSWCB. 

To date, the State of Virginia has not developed clcanup levels for VOCs in groundwater. Federal Drinking 

Water Standard MCLs for benzene (5 pg/L), 1.4-diehlorobem~.ne (75 pg/L). I,tdichlorobenzene (600 pg/L). 

1.3-dichlorobenzene (600 pgfi), and cblorobenzcne (100 pg/L) were exceeded in one or more hydropunch 

locations and monitoring well locations. The AWQCs standard for 1.4-dichlorobeazene (2,EKI pg/L) in 

groundwater was exceeded. 

Soil contamination (adsorbed, TPH) exceeding the 100 mghg aetion level appears to be restricted in tbe vicinity 

of Fuel Pits 1 and 2, and Fuel Pits 5 aod 6 (Figure 1-6). Groundwater contamination (dissolved, VOC), which 

exceeds some MCLs, extends from monitoring well WMW-01 east to monitoring well 20-MW-02 (Figure 1-9). 

The hydrocarbon-contaminated soil and free phased product appear to be acting as the sources for poundwater 

contamination. 

Although presmt and future exposure to identified soil and groundwater contaminants is unlikely, compliance 

with VSWCB and AWQC standards necessitates the need for eliminating the source of contamination and for 

the restoration of groundwater quality. Remedial activities should focus on the elimination of the free product 

as the primaly source of groundwater contamination. 

3 3  POTENTIAL REMEDIATION TECHNOLOGIQ 

Potential technologies for soil remediation and groundwater treatment during LPH recovery are discussed in the - 
following sections. Information regarding the various technologies was obtained from documents developed by 

EPA (see Appendix H, References). 

33.1 Soil 

The objective for remediation of contaminated soils is to reduce or eliminate excessively wntaminated soil to 

comply with VSWCB regulations. An "action level" concentration of 100 ppm TPH for soils contaminated by 

petroleum hydrocarbons serves as the suggested cleanup objective. In order to comply with this regulation, four 

soil remediation technologies have been considered. This section of the report provides a brief introduction to 

the t e c h n o l ~ ~ e s  considered for the treatment of contaminated soil. 



333.1 Bioremediation 

Bioremediation is a process that relics on.naturally occurring or genetically altered miooorganisms to break 

down or transform contaminants to less hazardous compounds. The use of this technology requires a moderate 

level of petroleum contamination and the addition of nutrients and oxygen to enhance the degradation process. 

Bioremediation is often used in wnjundion with groundwater remediation efforts. ?).pically, groundwater is 

extracted from the subsurface ria an infiltration gallery or injection system located above or upgradient of the 

contaminated area. Bioremediition also may be used in conjunction with excavation (Subsection 33.1.4) in a 

technique called landfarming. However, t b ~  mcthod typically requires relatively large tracts of land. The use 

of in situ bioremediation for the remediation of petroleum-contaminated soils in the vicinity of the fuel pits 

appears to be a fairly limited option given the high concentration of petroleum compounds, the moderate 

hydraulic conductivity of the soils, the generally homogeneous site stratigraphy, and the slightly alkaline soil pH. 

The cost for this type of technology varies widely depending on site geology, hydrogeology, and the extent of 

contamination. 

33.12 In Sitn Leaching 

In situ leaching is a process that involves extracting contaminants from soil by "washing" or 'flushing usingwatw, 

or more typically, a water-surfactant mixture. The process involves injecting or spraying a solution onto the area 

of contamination. The solution then percolates downward through the soil, and adsorbed hydrocarbons are 

d r a d e d  from the soil. The mixture leaches through the soil under the influence of gravity until the mixture 

reaches the groundwater table. The leached solution is then collected and pumpcd to the surface for removal 

or on-site treatment and reinjection. Tbe use of this technology for soil remediation at the site is also an option 

given the nature of the contamination and the permeabiiity of the site soils (greater than 1 x 104 an/s). The 

mat to perform this type of remcdiation can range from $150 to $200 per yd3 of soil 

33.13 Vacnum Extraction 

Vacuum extraction is a method that vents soil by volatilizing the contaminants in the soil from a liquid phase 

to a vapor phase with the removal of the vapor phase contaminants from the soil pore spaces. The process 

involves the application of a vacuum through a network of wells. The vapors are drawn through the soil pore 

spaces to the we14 where they are captured and brought to the surface. Once the contaminant-sahuated vapors 

are brought to the surfae, additional treatment may be. required. This technology may be enhanced by the 

injection of volatile-free air into the zone of contamination. The use of this technology for soil remediation at 

the site also appears to be an option given the moderate hydraulic conduftivity of the soils, the homogenwus 

site stratigraphy, and the apparently limited area of cmtamination. The eodt for implementing the vacuum 

extraction technique is moderate to higb 



33.1.4 Excavation 

Soil excavation is a method that can lead to several different disposal and treatment methods, principally low- 

temperature thermal reduction and off-site l and l i l l i  Low-temperature thermal reduction (LTTR) is a p r o m  

where contaminated soils are excavated from an area and placed into an apparatus where the contaminants arc 

driven from the soil through enhaneed volatilization by the application of heat. Once treat*, the soils may be 

used as backfill material. Landfilling is another option where contaminated soils are excavated and then 

transported offsite to a disposal facility. 

333 Groundwater 

Restoration of a contaminated aquifer generally involves one of five options: 1) source removal; 2) containment 

of the plume; 3) removal of the plume after measures have been taken to halt the source of contamination; 4) 

diversion of groundwater to prevent dean groundwater from flowing through a source of contamination or to 

prevent contaminated groundwater from contacting drinking water supplies; and 5) prevention of a product or 

substance from contacting the groundwater by lowering the water table beneath the source of contamination. 

Free product and dissolved phase petroleum in the groundwater are present. Evaluation of treatment 

technologies should indude plans for the removal of the plume after measures have been taken to halt the source 

of contamination in the vicinity of the Fitwing Fuel Pits. Several groundwater restoration technologies are 

discussed in the following sections. 

In the air stripping process, a contaminated water stream is mixed with a dean air stream. The intimate contact 

causes the air to remove the dissolved organic substances from the water. Several types of air strippers are 

available, including packed tower air strippers, trickle tray air strippers, and diff'usion air strippen. Packed tower 

strippers are fded with a packing material designed to provide a large surface area for the purpose of enhancing 

water to air transport of organics. Trickle tray air strippers are similar to packed air strippers with the exception 

that the contaminated water is applied over a stack of trays that contain a high surface area mc5dium. A diffusion 

air stripper makes use of vigorous aeration techniques to volatilize contaminated water to air bubbles that are 

released into the atmosphere. Reductions in volatile petroleum compounds within the groundwater, ai%eved 

with packed tower air stripping, have bcen reported to be as high 95 to 99%. The implementation of this 

technology for groundwater remediation in the vianity of the refueling pits is an alternative. Treatment of air 

stripper emissions, typically t h g h  the use of granular-activated carbon (GAC), may be required. The codt for 

air stripping is relatively low. 



3332  Carbon Adsomtian 

The prowss of adsorption onto GAC involves contacting a wastestream with the carbon, usually by allowing it 

to follow through a series of packed-bed reactors. The effectiveness of carbon as a treatment profess is due to 

its ability to function as an adsorbent for molecules dissolved in water. This technique is effective in the removal 

of organic compounds and many inorganic compounds. This ability is due mainly to the large internal surface 

area of the carbon molecule. The carbon used to treat contaminated water can be packed into 55-gallon drums 

(larger containers may be necessary). Once the carbon-packed reactors have been utilized, the spent carbon 

requires disposal or regeneration under strict regulatory regulations. The wst for carbon adsorption is generally 

moderate, and depends primarily upon the required frequency of carbon regeneration. 

3333  Bioremediation 

The process of bioremediation was discussed in Subsection 3.3.1.1 for the remediation of soil contamination. 

This technology can also be applied to remediation of groundwater. Bioremediation methods differ from air 

stripping and carbon absorption techniques since the contaminated groundwater remains below ground during 

remediation and the contaminants are not separated from the groundwater. but are transformed to less toxic 

compounds. The low concentration of volatile petroleum compounds found at the site limits the use of 

bioremediation. 

3.4 RECOMMENDED TECHNOLOGIES 

Akbough the Risk Assessment provided in Seftion 2.0 suggests that the site docs not pose an immediate health 

risk, the extent of contamination present indicates that remediation activities are necessary. One technology for 

soil is most likely applicable for remedimtion of the Fitwing Fuel Pit area. The option is briefly discussed in the 

following subsection. The incurred msts for this option will be relatively low and may require some time to 

complete. The time required is unknown at this point but would be limited to achieving endpoint objectives. 

Because the vadose zone is relatively thin (8-foot maximum), the suggested remedial option for this site would 

include a two-pha.% remedial approach. The first phase would involve removal of free produd from the site. 

The second-phase would be to identify and ensure that any additional source of free product has been scaled 

or removed to stop funher contamination. This effort should include pressure tightness testing on all piping in 

the area to be conducted in accordance with standard industry practice. 



3.4.1 Soil 

Based on site history and on the results of soil sampling, it appears that soil contamination (>I00 mg/kg TPH) 

resulted due to releases from the recently abandoned fuel supply lines in the Atwing Fuel Pit area. The extent 

of contamination appears to be limited to an area of approximately 4 acres around Fueling Pits 1 and 2, and 

approximately one acre near Fueling Pit 5. The technologies introduced in Subsection 33 were briefly evaluated 

for their application to the contaminated area and with respect to technical merit, implementation ability, 

ewnomic feasibility, and immediate beneficial results. 

While adsorbed phase soil contamination may represent a potential ongoing source of dissolved phase 

groundwater contamination, the 6.88 feet of free phased produd is considered the primary source of the wdsting 

contamination. The TPH concentrations in soil are relatively low and over a wide area and arc expected to 

passively remediate under natural conditions. ln-place passive remediation relies upon natural processes to 

destroy the compounds of interest. Natural processes include biodegradation, photolysis, leaching and adsorption. 

The 1988 federal UST technical standards (40 CFR 280) include passive remediation as a corrective action 

option. In-place pasive remediation is an alternative at thii site bwuse: 

There are no actual or potential human or environmental receptors anticipated at the site. 

The distance to the nearest downgradient surface water body u approximately 2 miles. 

The released petroleum produet is biodegradable. 

3A.2 Groundwater 

Remediation for groundwater is not being proposed, however, treatment may be necessary as part of LPH 

reduction. The extent of groundwater contamination appears limited to the area under the parking lot and 

northwest of the refueling pits. The technologies introduced in Subsection 3.3 were evaluated for technical merit, 

implementation ability, economic feasibiity, and immediate beneficial results in relation to the extent and 

concentration of the contamination plume.. The advantage to the selected technology of air stripping is that it 

should be able to reduce all detected VOCs to a level amptable to the federal Drinkiing Water Standards. 

Redueing VOCs to a level acceptable to the federal Drinking Water Standards is important because a byprodud 

of LPH removal is groundwater which will be essential tom& di iargc permit requirements. An air stripper 

may not be required if VSWCB will allow the groundwater withdraw to be directly discharged under an NPDES 

permit. 



Groundwater treatment is directed toward the one specitic task which is removing LPH as a contaminant source. 

of groundwater at this site. Free phased product removal will be accomplished by placing an interim rmvery 

system at MW-01. Product should be properly disposed of. Product recovery shall continue until a thickness 

of 0.01-inch w less is achieved. 

The recommended approach for remediation at this site is to install a wcU pumping and produet recovery system. 

Use of recovery wells would be preferred over trenching due to limited disruption of aircraft traff~ie A dual 

pumping system which depresses the water table, allowing recovery of free produet as well as developing a 

groundwater capture zone is recommended. F w r e  3-1 presents a schematic of a dual pumping system. 

Groundwater monitoring of VOCs at MW-01 should continue on a quarterly basis while LPH is being removed 

and for 1 year thereafter. 
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APPENDIX A 

VIRGINIA STATE WATER CONTROL BOARD FILE INFORMATION 
ON WELLS IN VIClh'lTY OF THE SITE 



VIRGINIA STATE WATER CONTROL BOARD 

FILE INFORMATION ON WELLS IN VICINITY O F  THE SITE 

SWCB Well No. 228-26 
HAS Oaana  Well No. W-70 

Installed 1942, 5 gpm production rate, lk' opening. total depth of 30 feet, used for water supply and waste 
disposal. 

SWCB Well No. 228-27 

Installed 1943, 108 gpm production rate, 8" ID, total depth of 125 feet, screened from 102 feet to 1l37', well 
destroyed. 

SWCB Well. No. 22&28 
.On NAS Oceana Adiacent SWCB Well No. 228-24 

Installed 1943.72 gpm production rate, 8" ID, mtal depth of 126.5 feet, screened from 103 feet to 117 feet, well 
destroyed. 

SWCB Well No. 228-29 
d i a c e n t  NAS Oceana Well No. W-70 

Installed 1944,30 gpm production rate, 8" ID, total depth of 143 feet, screened from 105 feet to 131 feet, use 
not reported. 

SWCB WeU No. 228-30 
NAS Oceana Well No. 492 

Installed 1959, 100 gpm production rate, total depth or 108 feet, used to supply golf course sprinklers. 

SWCB Well No. 228-31 

Installed 1959, 20 gpm production rate, total depth of 135 feet, used for water supply and waste disposal. 

SWCB Well No. 228-32 

Installed 1961, 5 gpm production rate, total depth of 35 ieet, used for water supply and waste disposal. 

SWCB Well No. 228-33 
NAS Oceana Well No. W197 

Installed 1964.5 gpm production rate, total depth of 35 feet, used for water supply and waste disposal. 



SWCB Well No. 228-34 

Installed 1966, 5 gpm production rate, 1k" opening, total depth of 99 feet, used for water 
supply and waste disposal. 

SWCB Well. No. 228-117 
NAS Oeeana Well Geothermal No. 23 

Installed 1978,4W opening. total depth of 1,033 feet, hole is grouted with cement from 2 feet to 1,033 feet, used 
for geothermal applications. 

SWCB Well No. 228-132 

No information on file. 

SWCB Well No. 228-133 

No information on file. 

SWCB Well No. 228-169 

Owned by SWCB, installed 1979 as an observation well, 4" openink total depth of 24 feet, screened from 19 feet 
to 24 feet, abandoned and casing pulled. 

SWCB Well No. 228-234 

Owned by HRSD Atlantic STP, installed 1981, lk' opening total depth of 50 feet, screened from 45 feet to M 
feet, used for monitoring at the sludge farm. 

SWCB Well No. 228-250 

No information on tile. 

Owned by the City of Virginia Beach, installed 1981,24 gpm production rate, T opening, total depth of 153 feet, 
screened from 60 feet to 70 feet. used for observation well. 

SWCB Well No. 228-253 

No information on lile. 

SWCB Well No. 228-254 

Owned by the City of Virginia Beach, installed 1981.60 gpm production rate, Y opening, total depth of 94 fcct, 
screened from 65 feet to 75 feet, used for an.observation w.tll. 



SWCB Well No. 228-255 

Owned by the City of Virginia Beach, installed 1981.40 gpm production rate, 3' opening, total depth of 204 feet, 
screened 70 feet to 80 feet, used for an observation well. 

SWCB Well No. 228-257 

No information on tile. 

SWCB Well No. 228-258 

Owned by the City of Virginia Beach, installed 1981.50 gpm production rate, 6" opening, total depth of 150 fect, 
screened from 110 feet to 140 feet. used for a test weU. 

SWCB Well No. 228-299 

- -  . 
Owned by Dreda McCreary, installed 1981. 14" opening, total depth of 21 feet, used to supply a private 
swimming pool. 

SWCB Well No. 228-311 

No information on tile. 

SWCB Well No. 228-343 

Owned by the City of Virginia Bcach, installed 1980,lO gpm production rate, 6" opening, total depth of 204 feet, 
screened from 165 feet to 175 feet, used for an observation well. 

Owned by the City of Virginia Beach, installed 1980,8 gpm production rare, 3" opening, total depth of 202 feet, 
screened from 52 feet to 62 feet, used for an observation \ve11. 

SWCB Well No. 228-345 

Owned by the City of Virginia Beach, installed 1981,12 gpm production rate, 3" opening, total depth of 210 feet, 
screened from 67 feet to 77 feet, used for a a  observation well. 

SWCB Well No. 228-358 

Owned by the City of Virginia Bcach, installed 1981.1 gpm production rate, 3" opening, total depth of 210 feet, 
screened from 180 feet to 190 feet, used for an observation well. 
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228-00003 LAKSVILLE CSTATES I3  ' 36 U9 00.0 076 11 12.0 1970 160.0 YES 148.0 100 120 . . . 34-C 
228-00010 F L I U R O K E  ~ A H O ~  11 36 50 40.2 076 07 55.5 1061 YO 125.0 59 68 93 122 34-C 
22)-00Lll PEIBROKE IlABoa I2 36 50 45.0 076 07 55.0 0963 50.0 NO 125.0 57 62 85 115 . 34-C 
211-00012 P E I ~ R O K L  ~ A W O R  13 . 36 50 P9.2 076 07 56.1 963 50.0 10  115.0 52 57 87 120 . 34-C 
220-00011 PLMIROKK U l N O R  14 36 50 54.7 076 07 59.3 i 6 3  50.0 NO 115.0 58 68 115 . . 34-C 
128-00014 P E I B R O K E  MANOR 15 36 53 52.3 016 08 05.6 863 50.0 110 125.0 52 57 96 ,119 . 3114 
228-00~15 P S ~ O ~ O K E  M A U O ~  16 36 .50 50.5 016 08 11.8 1263 50.0 10  125.0 71 79 93 120 . 34-C 
228-00016 PEIBROKP O l X O R  I7  36 50 49.6 076 08 14.4 1063 50.0 NO 31.0 55 60 74 117 . 34-C 
228-00017 ?LIBSOKC XANOP 18 36 55 44.7 076 08 20.6 164 50.0 NO 125.0 52 57 68 110 . 34-C 
229-00018 P E l B R O K L  UAYOR I9  36 50 43.8 076 08 lU.9 1163 50.0 10 126.0 55 60 86 120 , 3U-C 
228-80619 8RAOIORO ACRES 36 54 05.1 016 07 59.6 0059 75.0 YES 91 0 b4 94 . . 31-1 
228-00020 CREEDS AIRPORT I 1  36 36 27.2 076 00 27.9 3U3 70.0 7110 43 69 e . 2-0 
218-00021 CREEDS AIRPORT I2  36 36 27.2 076 00 27.9 243 70.0 79.0 a3 G? 68 . . 2-0 
228-00022 COAST G U A R D  R A D I O  ST1 36 43 37.3 076 00 39.6 658 50.0 . i E S  132.0 CG 5 1  80 . . 2-1 
228-00023 PUWGO BAS 11 16 43 37.3 076 00 39.6 1292 iO.0 73;O 17 6 s  . . . 2-1 
22a-ooo~u PUYCO YAS 11 36 43 37.3 076 00 39.6 143 00.0 69.0 45 62 . . 1-A 
229-00025 POUGO YAS I3  36 ~3 37.3 076 00 39.6 9 ~ 4  45.0 73.0 U O  11 62 . . 2-1 
210-00026 oCeAnl BAS YELL 70 36 1.3 59.0 016 02 00.1 r l . :  5.0 30.0 . . • 31-0 
228-00027 O C L l X l  112 I 1  36 48 59.0 016 02 00.1 3'13' '10Cl.0 125.0 102 110 . . . 3U-0 
128-00028 OCCAYA WAS 15 36 45 59-0.076 02 00.1 0613> ,,12.0 126.5 103 111 . . 34-0 
220-00029 OCtlNA WAS I6  36 110 59.0' 076 02.00.1 1194' .'. 30.0 143.0 105 1 1 9 ,  131  . . 31-0 
128-00030 O C E A Y I  MAS MILL 492 36 08 10.0 076 01  17.0 0559 j:' 108.0 . • . . 31-0 
225-00031 D C E ~ X A  MAS Y ~ L L  1421 36 49'35.6 076.00 5 1 r Z '  0 0 5 9 2  20.0 135.0' . 34-0 
228-00032 0 c Z l l l  112 YELL 199 36 47 33.3.076 03 06.8 O O b l ? ' . .  5.0 35.0 . . . 34-0 
221-00033 DEPT N A V Y  YORIRELST 36 48: 36.0 076 00.21.0:, ,0064.: . 5.0 I'ES . 35.0 . . . 34-0 
228-00031 O E L A N l  BAS YELL R360 36 18 19.1.016 00 18.1 0 0 6 6  ' 5.0 ILS' 99.0 . ' . . JE-D 
218-0003S' KLnlSVILLC SCHWL 36 I 9  35.1 076 09 40.3 0753 '100.0 , 110.0 60 70 . .. 34-C 
120-00036 SE180AR0 DIS? SCNOOL 36 45 06.5 076 01 00.2 .  555.;' . 45.0 100.0, 68 1 8  . . , 34-0 
22.3-00037 ~LINXIIOIS PARK SC100L 36 5 1  00.0'076 00533 .057~6)> : .  . a . . :(117.0 11 5 1 "  . r r 30-D 

' 228-00039 CHLSIPUIE 811 8R-?US 36 58 OU.O,076. ,06. ,16;81'~1063~ 25.0 1500.0~ . . . . 311-1 
228-000110 SOUIREIX UlTIIIALS CO., , 36 50-22.8 076;00~11;6'~~1267~~100.0 , IES , 120.0.. . S O  , 7;. : .. . . 311-C 
220-00012 5LICCs I 1 B n  PENTlt' 80USC 36 ~l. .39.5!07558. U0~6".0011: '~ SO 65.0, .. 60 6 5 ,  " '  '.; . . . 001-8 

;..... 223-00GU3 JB ~ 0 ~ 1 1 ~ 0 1  8015 110111..'2 {., ..' : 36.50: 51.5:076 11*34.1):r<6S3:-: 30.0 I 0  '215.01 . .-.. . , .,.. :' .. m.. 3q-C 
228-00044 ROO0Z:ClMP'SROOYDS .i::.. ; :: .; 36: 18 23.5.1075.59~:45!9!.:0570i. 147.0' YES ' .  UO.0, . 61 82',,, 112, . .. . . . 33-5.. 

, 228-OOOPS I A  BIICR Cl8PGROuIO . , , .: 36"48: 03.6~~075;:59~90.4 ..!, 10372.., 151.0 1 1 $ ,  145.0 . 7 1  9 2 .  1 2 6  . .' 33-C. 
228-00046 SPYPCA.CIMPGROOWDS ti.,. . , j: . :  3 6 ~ 3 3 ~ 1 1 ~ 8 ~ 0 7 6 ~ 0 0 ~ 2 7 ~ 0 ~ ~ ~ 7 7 2 ~ :  e0.0. to  ,; ,l70.0:.. 58 33 . .;: . ...' 2-0. . . 
228-00047 . SLIKCA ClUPGPOoI~S il y' 7.. . 36:3328.8: 076; 00.27.0, .  B72.':< 80.5 TES ,102.0: ; 69 . .  911 : . '.'. .. : 2-0: . . , . : .'.: 

, 228-J00118 CERTLAID; ILC.' .. .. :.36 a 7 ~ 1 1 1 0 ; 0 7 q ~ 1 ~ ~ 1 7 . ~ : ~  0972;;. 32.5, 10 ,.;.::106.0;.'. SO!..; 6 0 ,  8 0 : ~  ,,,. .. .; 3I-C?;?i . i .  :,. : 

22p-00019 :GLltLLIO, IIC.. , ,  
. h.: . . . .. , : . ,  100.0t ::;'.:':;, : .. ;, T; ; .:: . .  .,; ::..,f3q.-e.< b'.. ; . . 

118-00050 ' OEILTLAIO, INC.' . . I .  , 

, . , 36 117 .53 .0 '076~10. :0E.0"~172.~ '  1155." X~".!;~SO;O:!.~~~E:: . . '  91.:: ..,j,.. . . 3 c .  : , ' 

228-00051 i STRlTrOlO CRlSl . . 3 6  118 83.0';07S.lJ] 53.0, :10725,:. 40.0,' 10  .::IS5.0' : 52' '.'.. 72 ? '" .:. .. 2.: ..; 34-C.) ' . 
~2~8-0005l~'srRA??OID CnlSE. ' 36 118 31.0'076.10; 34.0 , 1072 62.0 . YES.' f23.0' 70 '95  .. . . I ' c  ' 31-C 
218-00053 CRCLOS VOLUITIEP FIR8 36 36 17.2 076 01  33.1. . .: IES 86.0 . .. • . . .. 2-0 
128-00055. 8LlCIYlTLR STORE - 36 36 13.3016 05 10.1 a '  1 E S  60.0' . . . 2-D, 
218-00056 C I ~ E D S  ILZRLX?ARY 36 3813.1'076 02 10.9 0956 c2.0 :LS ,110.0 57..  
128-00057 I N D I A N  ED18 CAnPGD #Iii, , ,, ;~?6'13.30.0075.50:.11 0 ' ' ',:.:- '' 21.1: IES :* :?.86.0 - .;. .:.., I .... ..... .. -.+..- ,....or .A. 8 .i i ... c* ..J 2: ..., :.;i.< \..rJ: :.-: ..;--,.; ,.=. ,.a;;;.j 
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7 LS 

T I 5  
: CS 
ILS 
7z5 
i E l  

NO 

I0 
KO 
I I S  

1 L S  

I E S  
? I S  

I0 

IIS 
llS 
'I0 
10 

10 



1IRGINIA YATER CONTROL 80110 GIOUIOYAT~R DATA 
CIT IES A Y O  COOXIIES O I  TIOEYATER REGION 

YYCROSGS 

P I 0 . .  O I C  C C C O  
o I A .. e ' r  R R I P -  
A ?. N P R 1 2 . 3 U R  
T L A T O  T T A '  

. E  0 L n I! 0 O O O P  

228-a0103 OSSERVITIOI YELL 8129 3 1  ua 50.0 076 1 2  07.0 1056  55.0 i 2 0  68 73  . . . IU-c . '228-00108 O B S E R Y A ~ I O Y  YELL 1129 36 48 50.0 076 1 2  07.0 1056 . . . - 34-C 
220-00109 8 t T r I E  P. YnS PLLn SCH 36 5 1  51.8 076 09  52.0 0661 50.0 I 0  85 6 5  7 0  . . . O3U-C 
228-00113 08SLRVLTIOI YtLL I 1 3 0  36 49 20.0 076 0 9  36.0 0 6 6 1  35.0 85 73 78  . . . O3U-C 

- 228-03111 KZLLAil HA%DYIRI 36 UU 56.0 076 03  07.0 UOO 60  65 • . . 2-1 
228-00112 K I IGS GRANT YATER CO I1  36 5 1  32.0 076 05 01 .0  1063 6.1 YO 126 6U 69  . . 39-0 
220-05113 KINGS CRAYY YITCR CO I 2  36 5 1  32.0 076 05 01.0 1163 24.0 1 0  126  64 69  . . . 34-8 
2>8-0011U KINGS CRAX? YlTtR CO 13 36 5 1  32.0 076 0 5  01.0 1163 18.0 l o  126  66 7 1  . 34rD 
226-50115 KINGS GRAY? YATER CO I U  36 5 1  32.0 076 05 01.0 1063 45.0 WO 125  . . . . 3U-D 

,221-00116 CITY o f  TA 8CH GEOTHCRIAL 22 36 36 29.2 076 00  25.5 1078 . WO 1038 . . . . 002-0 
210-00117 DLPT OF IHZ x rvr  ceornra5 23 36 48 08.0 076 02  38.0 1073 . 1033 . . . . 030-o 
2 2 9 - x i 1 3  o a s i a v ~ ? 1 0 6  WCLL 182 36 u7 2u.u 076 1 2  05.7 0176 . 11s 232 70 75 1 9 2  . . JU-c 
220-PJ120 08StRvATIOU YELL 183 36 U7 11.0 076 06 00.0 1176 . 125  400 1 1 8  1 2 8  . . . 34-0 
228-09120 06SERVATIOX YELL @83 36 47 11.0 076 06 00.0 1116 . T I d '  . . . . 34-0 
228-00121 f .0 .  8ZaLOIO 36 50  23.0 076 08  41.0 0777 . T I S  20 1 7  20 3U-C 
226-00122 PAUL L YEYTOI 3 6  4 8  97.0 076 00  36.0 73 . 111 27 2 1  27 . 03UO 
225-00123 B 1 SOCK JR 3 6 1 9  50.4 Oi6 06 00.2 . T I S  22 9 . . . 0390  
228-00124 GZRL SIOOTLL 36 50  15.9 0 7 6  08  40.5 YES 34 . . . . 034C 
223-00125 HRSO ATLASTIC PLANT 36 46 1 3 . 1  075 50 2 n . l  0176 . 1 2 2  . . . . 33-C 
126-50126 0 1  OIR I IA~  36 50 07.1 076 07  20.8 • YES 2 1  a . . . 3 0 4  
225-00127 ~ A L I O Y  PIG r m a  36 06 29.11 075 58  19.9 0617 , yes 60 50 60  . 33-c 
I : ~ - J U ~ Z P  ~ A L S O S  PIC r ~ n n  11 36 u6 32.8 075 58  20.u 0277 . yes  30  20 ~c . . . 33-c 
223-00129 n 1 ~ 8 0 1  PIG  PAR^ 12 36 86 32.8 075 58 2O.U 0277 30.0 , 30  20 30  . . . 33-C 
2:0-0013~ IIALSOW PIC fnii 13 36 U6 32.8 075 Sa 20.4 0577 . 30 20 30 . . . 33-C 
21d-OJ131 nAL8OY PIG FARS I U  36 06 32.8 075 58 20.U 0677 30  . . . . 33-C 
22d-0J13I OBSERVITIOI WILL 192.\ 36 07  13.0 0.76 03  07.0 1277 . I E S  400, 97 102 . . , 034-0 
226-00132 01SC1VITIOI  WILL l92A 36 47 13.0 076 03  07.0 1277 a KES . 034-0 
228-Cdl33 OlSLRYATIOH YZLL 1920 . 36 47 15.0 076 03  08.0 1277 . l E S  1 0  53 58 . . . 03'1-0 
225-00133 OSSZRVA~IOI  YELL 1920 36 U7 15.0 C76 0 1  00.0 1277 . 7 6 5  . 03U-0 
2 2 6 - u u i ~ u  n t r ~ ; s  r r n n  s. n o ~ ~ r o a ~ x c  15 36 4 1  u7.6 075 58  26.8 0379 . 1 2 s  30  25 30  . . . 001-8 
221-00135 O~SE~VA?IOY YELL 193 36 1 5  04.0 076 03 11.0 1277 . YES 40C 60 65 . . . 34-0 

" 118-00115 OBSZ1YATIOl YELL I 9 3  36 US GU.0 076 03  13.0 1217 IES . . . 34-0 
220-OOi36 GILL 8LACKYATER STORE 36 30 13 .0  076 05 43.0 . 115 60  50  60 . . . 002-1  
f > a - o ~ i ~  an  TILFORO Y I L L I A ~ S  36 33 24.0 076 00 19.0 . T E S  26 20 26 . . . 002-0 
226-00113 CREZOS VOLUITSZP I I R L  36 36 17.G 076 0 1  34.0 . TLS 30  . . . . . . 602-0 
228-01139 ~LICZYATZR FIRL OEPT 36 35 07.C 016 0 5  02.0 ' . TES 69 50 6 0  . . . . 002-0 
1 2 9 - O ~ ~ U P  NORTI S A T  s n o ~ t s  C A ~ P  36 u2 17.0 075 56 43.0 . Y E S  6s  so 65 . . ' . 001-1 
226-O31U1 W03TH BAT SHORL5 CAlP 36 U2 U7.0 075 58  03.C TES 65 60 65 . . . 001-0 
213-JOIUL x BIT sagazs C I S P C R O ~ I ~ D  I 3  36 uz 07.0 075 sa 03.0 . TIS 65 6 1  6s  . . . 001-1 
211-OOIYU ~ I K Z  aarccs 36 01 50.1 075 58 20.0 0578 u0.0 TES 66 50 60  . . . 1-8 
226-JJ lU i  arrr 3ErGGS 36 0 1  50.1 0 7 5  5 1  28.0 0570 40.3 60  50 6C . . . 1-8 
226-JG1?1 PLIASANT LIOSL T V 36 4 1  U0.3 076 0 1  37.1 . YES 90 75 8C . . . 002-1 

,223-05147 1. i i t O Y  36 I1  5U.O 076 0 3  21.0 TLS 25 20 25 . . . 002-1 
.2:d-0Ulu3 2. Gf l ! IT1  1 6  IS 1 4 . 1  076 0 1  06.9 . YES 1 0 2  92 1 0 2  . . . 002-0 
.l?U-COlU9 US. CL7.LIO!l 36 52 38.9 075 59 11.6 1174 U0.J TES 20 25 20 . . . OlU-A 
.223-0J15; 13CA 35ACH CLUB ' 36 5U 41.6 076 06 PU.5 0363 65.0 0 1  75 8 1  . . . 034-1 





R I C K  LARA8EE 
PRIWCESS ANY I H N  
S I R  APTOW I N X  
PAD W I D 2  
Jonn HOLLAKO 
JACK H O L L A l D  
J U L I A *  I L A Z I E R  
H A R R I  Y I T L E R  
U A R R I  ? 4 I L E R  
r e n n  TROIPSOH 
O B S E L I A T I O W  l C L L  1 1 0 0 3  
O~SSRVATIOI YELL  1 1 0 0 s  
0 8 S L R V A I I O W  Y E L L  l l O O C  
O B S L R l A T I O I l  W I L L  I l O O C  
C. J .  J O l E S  
OCZAW RANCH S O I L L  
SOUTHER3 I C I  
3 1 1  I A I  RLSOaT APTS 
J I M  ALAN O I A Z  
C h i l O L I Y I  V L S T l R l l O r P  
8 E U 3 1 Z  I l l O N F 5 0 X  
YILLIIN J. urcII,%nn 
I O l l H E 5 T  ALDERSOU 
0 AWD P  T I R E  A l l 0  R I C A P P I H G  
V I C S I  U A l I S  
oa. crras nuss 
O B S l R l A T I O L  YELL  I 1 5 6  
OQSZRVATIOL  Y E L L  I 1 5 6  
P n o v x u a n c L  NO~ILI H o n z  P A n r  
J. t l A l T I Y  C o l t 0 1  
A. I I O l G I l  RUCKER 
AYABZL  UATHLYS 
P E T E  5 N I T H  
R I C R l R O  8 I l l  
I I C H A 1 J  S I H R  
n c r e s n z y  n r r L T r  co.,ruc. 
8 0 8  COULP 
H a 5 0  A T L A Y T I C  S I P  1 A  
H I S 0  A T L A X T I C  STP 18 
H l S D  A T L A N T I C  5 1 7  2 1  
HRSO A T L I L T I C  S 1 P  2 1  
d 1 5 0  I r L h I T I C  S T 9  3 1  
U P S 0  A:LAITIC S I P  30 
H a s *  ATLASTI: ST? U A  
S a s D  nrrnrrrc SIP us  
d Y i 0  A I L A I T I C  ST? 5 

V I R G I N I A  WlTCR COXTROL BOARD CIOUWDWATLR O l T A  
C I T I E S  A 8 0  C O O I T 1 1 5  O r  T I O E s A T E R  R E S I O l  

UWCRUSGS 

1 2 5  
11s 
1 2 s  
1 2 5  
1 2 5  
1ES 
T L S  
1 2 5  
r es  
I E S  
1 2 s  
1 E S  
1 2 s  
TCS 1 
7 3 5  
y e s  ' 
:Is , 
1 1 5  
YES 
YKS 
1 E 5  
YE5 
1 1 5  
nu 
1 2 s  
1 4 5  
1 1 5  
1 2 s  
11s 
1 ES 
11s 
1 2 s  
1 E S  
1 2 s  
1 2 s  
1 1 5  
TES 
8 0  
LO 
10 
WJ 
WO 
$0 
WO 
X J  
XU 



HYSO A T L b % T I C  STP 6 1  
HRSD A T L A N T I C  STP 6 B  
S l C 8  
YA BCH REDYING 011 0 1  
O I S E I l L T I O N  Y E L L  1 7 3 9  
V 1  RCB 1EDYING 0 8 s  0 3  
Vh aCY REDPING 0 8 9  OU 
V i  BCR 3EOUINC OQS 05 
V A  BCU a s w r u G  OBS 0 6  
VA O C I  R L D Y I X G  OBS 0 7  
Vh 3:R RSDYIUC PARK T? 1 
o n s t a v I T r m  YELL 1 7 2 ~  
V A  GCH O C E A Y A  II o e s  0 2  
YA PCH O C t h K A  I1 0 0 s  5 3  
O B S E l V l T I O B  Y E L L  1 7 2 0  
v i  aCH O C L A l l  .I1 0 1 s  0 5  
VA H C I  OCLANA 11 OBS 0 6  
VA 6CH OCPAYA I1 0 3 s  07 
OBSIRIATZOH'YELL 1 7 2 ~  
VA B C I  OCEAYA I1 T P  1 
Y A  acv ous uo-01 
vr ncu 00s YO-o i  
VA HC!I 0 8 s  YO-03  
YA LC I I  OR5 NO-0'1 
V A  UCII oar v o - o s  
Y A  ocn o r 5  YO-06  
YA OCY 085 YO-07  
Vh 0C:I OBS UO-6% 
YA DCH Y O - T P l  
VA DCH 0 0 s  P T G - 0 1  
$ A  OCH 0 8 s  P I C - 0 2  
VA I C Y  0 8 s  PUG-03 
V A  acn 0 8 s  PUG-05 
VI BCU ODS nr-01 
1.4 B C I  OBS MA-02  
YA SCH 0 0 5  11-03 
I A  BCH 00s MA-ou 
IA BCH OBS an-05.  
IA BCH 0 8 5  1 1 - 0 6  

I A  BCH 0 8 5  C 5 - 0 1  
1 A  BCH OBS C 1 - 0 2  
I A  8CH OAS EM-03  

Y I I ; I N I A  Y l T l R  COYTl lOL 3 O A l D  CIOUNDVATSR DATA 
C I T I E S  I N 0  C O U I T I T S  O r  T I G L I A T E R  REGIOW 

YYCIIUSGS 

T 
0 

S S S D  P 
C C C C  0 
R R R R - ,  
1 2 3 4  11 
T T T T  A 
0 0 0 0  P 

. . . 3 1 D  . . . 3 4 - 0  . . . 3 4 - 0  . - . 3 C D  . . . 3 4 0  . . . 3 4 D  . . . 3 4 0  . 3 4 - D  

. 2 A  

. . 2 1  

. . I &  
2 A  . . .  . 2 1  
. . 2 1  
. . 2 A  . .  2 1  
. 2 h  
. . 2 A  . ,. . 2 1  
. 2 A  . .  2 I  . ' 3 4 - D  . . . I-A 



V A  BCH 095  cn-or 
Y A  DCR 0 8 s  c a - c s  

f x a c I n r A  YATER C O N ~ R O L  B O A R D  GRODHOYATZR D A T A  
C I T I E S  AVO COONTIES OF YIOEYAIER R K G I C l  

YYCRUSCS 

BA610X C COUIER 
a a r c c s  uaz rnooov ( Y a r r n )  
nZIGGS ULY LAG008 I Y I S T I  
a E I s G s  N T V  LACOOP (EAST) 

0 H c 0 
0 2 1 R . 5  1 1 . 3  P 
P Y 0 D ' 1  C C C C  0 
II I A e r n  R R R  - 
A E Y P R 1 2 3 4  1 
7 L A T 0 T T T  A 
t 0 L H 8 0 0 0 0  P 

0 3 8 1  
0 3 8 1  
0 3 8 1  
0 3 8 1  
0 3 8 1  
0 2 8 1  
O l d 1  
0 2 8 1  
0 2 1 1  
0 2 8 1  
0 2 8 1  
0 2 8 1  
0 2 8 1  
0 2 8 1  
0 0 8 1  
0 7 3 2  
1 9 7 3  
1 9 7 0  
197'1 

1 1 1 0  
ino 

0 6 0 2  
0 5 8 3  
0 9 9 3  
i o a 3  
0 1 0 1  
0 1 0 1  
0 1 3 1  
0 1 3 1  
a ZSI 
ouau 
03OU 
01.30 
0 6 8 U  
09811 
0 7 6 0  
0 1 8 5  
0 5 8 4  

O l d 5  
0 7 8 5  
0 7 1 5  

KO 
NO 
YO 
YO 
no 
NO 
1 0  
YO 
NO 
10 
NO 
1 0  

1 
YO 
YES' 
YES' 
11s 
YO 
YO 
188 
111 
T t S  
res 
1es 
i c s  
TZS 
1 L S  
11s 
re5 
1 8 s  
YES 
I t s  
y e s  
TLS 
x e s  
NO 
YES 
NO 
TSS 
LO 
YO 
YES 
NO 
I E S  
TES 
1 Z S  

30-D 
. 3 9 - 0  

3 4 - 0  
3 4 - 0  
3 4 - 0  
3 4 - 0  
31-D 
311-0 
3 4 - 0  
1-11 
1-11 
3U-0 
3 4 - 0  
34-0  
3u-0  
31-11 
34-0  
33-C 
33-c  
33-C 
1-11 
1-11 
1-C 
I-C 
I -e  
31-C 

. l a - C  
1-c 
1-C 
33-C 
34-0  
34-C 
3 4 - C  
34-C 
34-0 
34-A 
34-0  
31-0  
31-1 
3 1 - 1  
2 -1  
2 - 0  
30-0  
1-11 
1 - 8  
1 -8  



acxccs new L A c o o r  (SOUTH) 
BROAD 311 G O L r  COURSC 11 
afioho anr c o w  COURSE 12 
OEOAO BAY GOLP COORSZ I 3  
B ~ O A O  any c o ~ r  COURSE 14 
BROAD 8 1 1  GOLF COURSL l j  
a l O A D  O A I  C U L r  COURSE 16 
I E I G G S  I L  Y O l T H  BERZ 'YFLL 
n t I G G S  WL Y E 5 1  8ERn  Y S L L  
I L l G G S  H L  EAST BERM Y E L L  
a r r ccs  NL SOUTH e r n n  Y E L L  
VA D C I  O i C A l A  INDUST.  PARK 1 
YA OCN O C t A l 1  I H D U S I  PARK 2 
Y A  o c n  OCEAXA r m u s r  PARK 3 

Y A  BCH g x n n o  CHURCH 2 
YA BCH Y I i l n O  C R U R C l  3 
VA BCH N I n n O  Cl lURCl l  U 
V A  BCI o c e n n r  rxr-oi 
VA BCU OCEAXA 1 x 1 - 0 2  
VA O C I  'PR INCESS A U l C  SCR 0 1  
V A  acn ou COLP COURSR 011 
VA 8 C I  OC GOLP COURSC 0 2  
VA BCH M L A X A  I 0 1  
VA BCH L A C O l A R  0 2  
YA BCH L A C O l A H  0 1  
VA BCH Y K - 0 1  

, VA BCH I E C - 0 1  
Y A  BCH J O - 0 1  

I A  BCW RY PARK I 3  
VA BCX. Y o - M l  
V A  BCH YO-nz 
T I  BCR C. fiUWDCY 
YA BCH OCZAYA I1 U 2  
"1 l lCR I C - 0 1  

ICICC;-IIR~ 
SbfGCS I'll&? 
C A V A L I E R  GOLP - 12 
C A Y A L x z a  C O L ~  14 
C A v A L I r x  c o w  17 



1 I R O I Y I A  WATER CONTROL OOARD GROUIDIATER DATA . 
C I T I E S  AND C O U I I I L S  O r  TIOEIAICR REGION 

YYCROSCS 

-. -. -.--- 
li Ye RIYLS, J R  
?RED STSYART 
COUILNZUTAL C-168 
O Q S S U l l t I O N  YILL 1 1 4 5 3  
011SCXVATIOX YELL l l U 5 C  
08SIRYATIOA YELL 1 1 4 5 0  
SOU1WtRN ¶LOCK 6 P I P I  
SOUTHIRI nlocr G P I P E  

-- - - 
C A l A L I I n  COLT 1 1 2  
CATALIIR COLT 1 1 6  
CAlALIER COLr 8 1 7 1 1 8  
CAlALICR C O W  G lACHrCLU8 
HELL'S POINT GOLF CLUBUOUSC 
UELLS 10111 cow IAIITCIAXCI 
IILL'S POINT C o L r  I R R I G A T I O ~  
l l l L L S  M I U I  C O W  - IRRLCATIOY 
#ELL'S POIUT GOLF IRRIFA110U 
OUAITERPAfH S Y I I I ~ I X C  POOL 
n ~ s .  aucn unrrcs 
YALsIncHAn A C A O E I I ~  11 
COLLEGE 01 Y 6 I 
c o b .  YISIOIC coonwa A 
COL. Yt ianu?c  LODCI 8 
COL. YPS8URC IRA C 
COL. YA58DRC CAPITOL 0 
COL. UHS8ORC. 7.310. CTRE 

COL. Y I O U L C .  CASCLOZ 1 
COLONIIL V I L L I A l l l U D R  
C O L L l C I  01 YILLIAU 1 # D  I I l R l  
P R I N C ~ S S  An11 I IoTlL  - ROsLAYO 
JOHW R o L r z  IIOIEL - t o n  HUNT 
Y O ~ X S I I I R L  I U Y  - t o n  P A ~ A R I S  

CITI or  ~ ~ A N K L I Y  10 
rRANKLIN TOY# YELL 
V I .  STATE POLICI  

YO 
80 
ro 
YO 
YO 
NO 
NO 
no 
no 

T l S  

11ES 

, 1 1 3  
YES 
11s 
1 EB 
11s 
1 8 1  
1 L I  



APPENDIX B 

BOREHOLE LOGS 



PAGE I OF L 
6629-01- 0 7 - 0 0 5 0  - BOREHOLE LOG 1. 
PROJECT 1~ - PHASE# 13 -9-2 BOREIIOLE DIAMETER (IN) 3 - 
FACILITY m OCEANA ( -N-AS 

LOCATlONrU a o o o 1 
 ATE ESTADLISIIEU MAR i p g ~  

UD,UYY-W 

. BsrmLlsumo COMPANY B E. YL 

T U T A L U E ~ I  crn 
WALTER ENCOUNTEIlEU (FI? x.  

TOP OF BEUROCK (IT) - 
DNLLINOIEXCAVATING MElllOl> & 
DNLLINOIEXCAVATINQ COMPANY , - - - 



PACE 1 OF C 
I 

6 6 2 9 - 0 1 - a - 0 0 5 0  BOREIIOLE LOG 
PROJECT ID . PHASE8 $3 BOREHOLE DIAMETER (IN) > 7 " A  

FACILITY ID OCEAN A ( -NH)  TWI'ALDE~I  (FT) / 7 
LOCATION IU 2 ' ~ / ~ - G - o _ ; z _  WATElt ENCOUNIWllDI~ (IT) v- 
dATE ESTMLISIIED MAR 1W 

UDYYY.W 
TOP OF BEDILWK (F'D - 

, ESI'MUSIIING COMI'ANY B E DNUlNGlEXCAVAllNG MEl l lOl )  ,d& 

LOCATION DEgCllIPTION DNUINWEXCAVATINQ COMPANY - - - - 

DESCRlPIlON 

I 

I I I I I I 1 

Raviacd 01-MAY-9 



6629-01-0'1-0050 BOREI1OLE LOG . 
PROJECT ID - PHA8E8 12 s-2 Q BOREIIQLE DIAMETER (IN) 3 
FACILITY ID OCEAN A ( IOTAL U E ~ I  (m) 

LOCATION w 2 0_ I&- Q 3 WATsllENCOUNTEREU (Fn Lf* 
dATE EeTIUrLlSllED 'POP OF BEDROCK (FT) - 

DD. Y 

. ESTMLISIIINQ COMl'ANY B E W DRILLlNWEXCAVA11NG MEI1101) .&I & 

LOCATION DESCRIPTIUN dfluEE UIULI;INWEXCAVATINQ COMPANY - - - - 

DESCRIPTION 

I 

L 

- 
Rcviscd 01-MAY.91 



w - 
6629-O~-&-OOSO BOltEIIOLE LOG 
PRoJECT Ill . PIIASEr 4 3 92 OOIWllOLE DIAMGTER (W) 3 i. 
FACILITY ID OCEAN A ( -NCA_S) I - , A S . ?  L A d e  I TOTALUEPnI (IT) 2.7 

LOCATION ID go1sE 109 WATER ENCOUNTERED (FD + a  g 

. 3ATE ESTABWILED *4  MAR- TOP OF BEDROCK (FT) 
- 

TIME SAMPLE 
(IIIIMM) ID 

- - - -  

' /3:w 

/3:m 

1 3 : s  Y-oqaZ 

/ I ( ;  00 

/'+:IT 

!Y:zo 

DESCRIPTION 

Raviscd 01-MAY-91 



PAGE 1 OF L 
6 6 2 9 - O I - ~ - O O ~ O  BOREHOLE LOG 
PROJECT LD - PIMSEt 4 1 ~2 Q BOREHOLE DLAMETER (IN) 3 2  

FACILlTY LD OCEANA ( -NB)  

LOCATION W O-SE 10 2- 
11ATE ESTAOLlSllEU 0 MAR 

IKhYYYW 

. ESTMtLlSIllNG COMIDANY B E K 

LOCATION DESCRIPTION ~ ~ " 7 ~ ~ ~ 4  

E C ~  c* l?h - 
s . t w 0  . 

T" 
zoJlu-o( 

3 3 5  -3 37- 0 TJ 20-sa-o ?E S ~ ~ I I  

TOTAL UEPIl l  (IT) k&sj 
WATEII ENCOUNTE1WI) (FD 4 ' - 
'NIP OF BEDROCK IFT) 

DIULLINGJEXCAVATING METllOl) 

DIULLINC/EXCAVATING COMPANY - - - - 

' 

I I I I I I I 

St= S . - F  POM(*>-ol L ) , ~ , ~ & A U I ~ X ~ T  

RECOV 
tm 

' f ~  

TIME 
(HIIMM) 

/$-: J 5  

END 
DEPT~I 
tm 

2 

BLOW 
COUNT 

44.56 

UPLE 
ID 

---- DESCRlPIlON 

72d <4-o &RAUEC . & A J E  ~ 1 0 %  

BOIL 
ROCK 
TYPE 
- 

'6.0: 
'Q '@:  

BEDIN 
DEPI~I  

I n ?  

0 

GEOL 
MAT 
TYPE - - - - 

<&AID 



6 6 2 9 - 0 1 - ~ - 0 0 5 0  BOREIIOLE LOG 
PROJECT ID - PIIA~EI 4 2 0- z" BORGIIOLE DIAMETER (IN) 3 5' 

FACILITY ID OCEANA ( -N_A_S) - - - - -  T ~ T U D E ~ I  t n  B 
LOCATION U) LO-AG i- 

WATER ENCOUN1EIlEII tFI? 

IIATE ESTMLISIIED 0 ,'U MAR 1 
0YYY.W 

TOP OF BFJ)ROCK (FT) 

. ESl'MLI811INQ COMIVANY B E DNLLINC/EXCAVAllNG MEnIOl) 4 

DNLLINC/EXCAVATING COMPANY - - - - 

DESCRlPllON 

I 

I I I I I I I I 
Revised 01-MAY4 I 



FACILITY ID OCEANA ( -N_A_S) T O T U D E P n l  (IT1 /G; 
LOCATION Ill go: 5/3 ~ 0 5  h WATER ENCOUNTEILGU (FTI 5 'J. / - 

TOP OF BEUllOCK (FTI 

. ESl'ADLlSIllNG COMI'ANY E D~ULLIN~~EXCAVATING METIIOI) G 
DRILLINa/EXCAVATINC COMPANY - - - - 

DESCRIPTION 

1 

Rovised OI.MAY.!II 



PAOE I OF f 
I 1 

6 6 2 9 - 0 1 - a - 0 0 5 0  BOREHOLE LOG - I 
PROJECT ID - P ~ U L L ~ E ~  42 s 1 - C  BOREIIOLE DIAMETER (IN1 3 

FAC~L~TVID OCEANA ( -NH)  TOTAL D E ~ I  (IT) 42 
I LOCATION Ul c0 zSg --O 1 

. ESTMLlElIlINO COMPANY B E 
TOP OF BEDROCK (FT) I 
DIULLINDIEXCAVATIN COMPANY - - - - I 

DESCRIPIlON 

Rcviacd OI-MAY.9 I 



I 
- 

6629-01- o'? -0050 - UOREIiOLE LOG 1 
PROJECTID - PIIMEt $2 33  0, BOREIIOLE DIAMETER (IN) 3 I 

I LOCATION ID 2 @ zfi--% 
TOTAL DEPTTI IFTI I 
WATER ENCOUNTEIWD IFT I  + Lt. I 
TOP OF BEDROCK IM'l - I 
DNUINGIEXCAVATINGI COMPANY - - - - 

DESCRiPIlON 

I 

Raviwd 01-MAY.91 



PAGE I OF L 
6 6 2 9 - 0 1 - ~ - 0 0 5 0  BOREI1OLE LOG 
PROJECT, - PIWSE, 1 O- 20 BOREHOLE DIAMETER (LN) 3, I 
FACIL~TY KI OCEAN A ( -N-AS) 

LOCATION KI 20-1 54 $2 
dATE ESTADL1811EU 

. ESTAIJLISI~ING comiBr \m B E K 

I LOCATION DESCNP~ON SE of LfiaFc 

TOTAL VEIWI (IT) Lf 
WATEII ENCOUN'IEIWI) (IT) - 
TOP OF DEUItOCK (IV) - 
DNLLIND/EXCAVAIINC M ~ I O I I A -  G 
UNLLINOlEXCAVA?lNC COMPANY - - - - 



DESCRlPllON 

I 

I I I I I I I I 

I I I 
lhviocd OI-MAY.91 

6629-01-07-0050 BOREIIOLE LOG 1. 
PROJECT lU . PIUSES 12 SZf?e BOREIIOLE DIAMETER (W A 1 
FACILITY ID OCEANA ( -N-A-S, 

o sn-O_SL LOCATIONIII 2 L - - 
d A l E  ESTMLIBIIEU O mFAR 1 gqi! 

. ssrrso~ls~~ma COMPANY B E K 

TOTALDEPIII (m /O 
WAmR ENCOUNTEIW (FI1- 

lUP OF BEIIROCK tFl'l - 
DNLLINC~EXCAVA~~NG M E ~ I U I )  b 

DNLLINOlEXCAVATlNC COMPANY - - - - 



w - - 
6629-01-09-0050 BOREXIOLE LOG 
PROJECT Ul - PIIASEr 4 2 s-2 Q BOREIIOLE DIAMETER I lN)  3 $. 
FACILIW m OCEAN A I -N-A_S] 

LOCATION LD 20: @ r3.1 

r)Am ESTABL1811ED 6 bU0MAR 1952 
. Y Y y . ~  

. ElWADLlSllING COMI'ANY B E 'dl 

LOCATION UESCNPI1ON 

TOTAL UEPTII tm / E 

WATER ENCOUNTEIWD IFT) 3 -- 
TOP OF BEDROCK IFT) 

DNLLINOIEXCAVA11NQ METlIOIl 4 6 

DIULLINl3iEXCAVATINl3 COMPANY - - - - 



L* .JL 
6 2 ~ 5 g .  6 

;-or 4 
25.' 
g sa - t t  

SITE SSKFPCII 

BOIIEIIOLE DIAMETER urn 6.5 

FACILITY ID OCEANA ( -N-A_s, 'POTAL u E l a r  (m) In 

LOCATION Ill &?LSis - f / WATEll ENCOUfflElWI> (FO 5?, 7 

JATE ESTADLISIIEU 0 MAR 1992 'POP OF DEUIIOCK (FT) - 
0DYYY.W 

, EETADLISIIING COMI'AW B E YL DNLLINWEXCAVAlING MEl l lO l~  4 & 

DIULLINDIEXCAVATINO COMPANY - - - - 

DESCRlPllON 

I 

. , 

Roviscd OI.MAY.91 



6 6 2 9 - 0 1 - a - 0 0 5 0  
7 0-2Q PROJECT ID - P I W E 1  L - - 

F A C & I T ~ ~ O C E A N A  (-N_A_S) 

BOItENOLE LOG sf" 
BOREIIOLE DIMIGTSR (IN) / 

MTAL DEPTlI (CT) 2!?!2c 
LOCATION IO 2 Q f & ~2 WATER ENCOUNTEIIEU (FD .& - 
 ATE & P T A B L I S I I E D ~ ~ ~ / /  1 9 q ~  m P  OF BEDROCK (FT) 1 Dnuuu.w 

. ESTABLlSIlPrG COMI'ANY B E b!. DIULLINolEXCAVAllNG METllOI, A 9 ' 2 %  

( ~OCATION DESCRIPTION DIIlLLING/EXCAVATING COMPANY &:[./L 



FACILITYID Oc&%r/c/A &I) 
LOCATION ID ZQ & Q 5s-I.? 

- d Y- 962 DATE ESTMLISIEED 4 YU.MMM.Iy 

ESTABLISIFING COMPANY &&s;fl_/L/ 

LOCATION DES~N.PTlON 24-sk/3 

/J / 
' 

TOTALDElTX (F;r) 

WATER ENCOUNTERED ( F I 1 3 /  

TOP OF BEDROCK (ET) ,-' 

DlULLINGiEXCAVATING METIIOD .&P*d4e 
DWLINGiEXCAVATING COMPlWY d/r.G&h, 



BOREHOLE LOG 
PROJECTID - P H A S E I C ~  - 2 A - - . . - - - - - - - . BOREHOLE DIAMETER [IN) 5-&" 

FACILITY ID d=A?&!A 
J I , ~  P,,-J- Ar Y 

LOCATIONID 2 0 2 a / Y  
DATE ESTADLISILED ~ f - 7 2  

UV.MHM.YY 

ESTABLISHING COMPANY ,&5r0n/ -- --- ------ - - 74 K/t .d4  y 

LOCATIONDBSCRLPTJON/&fd . SITE SIETCH 

TOTAL DEPTH (FT) 
' 

lVATJ%R ENCOUNTEILED (FD s/ 
M P  OF BEDROCK (FT) - 
D-ING~XCAVATJNG METHOD ,&jq&er 

DRZLLINGRXCAVATlNG COMPANY &-&&a. 



p2dJ'T,F 
Are6 J / r P l ~ R v  

m" Bib., a 
- rp~6 u A y  - 6 

0 
'I 

SITE SKETCH 

DESCRIPTION 

- I -  / / e c y  s-/Y 
. 

. . 
_ . :  Rovimd 01-MY-91 

.... .. - 

6629-0/ -07 BOREHOLE LOG 
PROJECT ID - PHASE1 ~ 7 b -  8 fL - - .  BOREHOLE DIAMETER (IN) 5% ' 
FACLITYID &dNR (d&% 
LOCATION ID C 2-Q -47 p 3895' 
DATE ESTAULISIUGD f 7 d? 

UWHM&VY 

T O T A L D E ~  (Fi') 
W A ~ R  ENCOUNTERED trn f - a x  ' 

7 

TOP OFBEDROCK (FT) 

E5TABLISHJNa COMPANY l f / ~ t ~ n /  DRILCINCIEXCAVATING METHOD & &9& 

L O C A T I O N D E S C ~ O N  20 SB-/C DRTLLINDIEXCAVATING COMPANY kG&&7 



- - 

PAGE L OF I 
6 6 2 9 - 0 1 - d p - 0 0 5 0  BORENOLE LOG 

PRarnmm . PImo 42 3 9  0 B0mIaoL.E DIAMETER (IN) I 
FACLITYID OCEANA . , ( N N s ,  

LOCATION ID <sr& - - -  &~,q/d, 
r)A'lZ ESTADLISllEU ;dq&'3a,m m a w  

. ESTADLlSlilNG COMI'ANY B L 
I LOCATION DESCRIPTION- 

- .  
SITE SKElCll 

/ 
'TUTAL DEPl'II (FTJ 

WATER ENCOUffl'EIW> (I?) -5; 5-' 
TOP OF BEDROCK (FT) 

D1"LLlNcxxcAVnnrw MEnIo1, JMGr 

DNLLINCIEXCAVATINC COMPANY &C(./& 



6629-01-&-00~0 BOREHOLE LOG 
/ r 

PROJECTIO . 12 32 Q BOREIIOLE DIAMETER (IN) 
-.- 

FACaSFY ID OCEANA 4-N-As 
,2 / 

TOTAL D E r n I  (rn) 

LOCATION IO ELL & L ,p,Y$%r*.dr'd~ WATER ENCOUNTEIWD (IT) 
2 

d A r n  EBTADLISILED @;/ 1 
DDYMY.W 

TOP OF BGUROCK (P17 

. EBFADLl~llfNO COMPANY B E '& DNLLINDIEXCAVA'IINQ METIIOI) - - 

I  CATION DESCRIPTION 3- DRlLLINWEXCAVATINQ COMPANY - - - - 

DESCRIPTION 

1 I I I I I I I 



PROJECT ID - PIIASE~ 42 >OS)_ BORBIIOLE DIAMETER (MI 

FACILITYIDOCEANA (-N-As TOTALDEPTII (IT) 12 
LOCATIONID 24 I d ~ g / c ~ a '  WATERENCOUNTEIWD (Fl'J 58' 

, dA7E E8TMLISllED TOP OF BEDROCK (FTI T-' 

. ESTAflL1S11MG COMI'ANY DNLLINDIEXCAVAIINO MFI11013 - - 
 ATI ION DESCRIPTION DNLLINWEXCAVATINQ COMPANY adr&, 

DESCRIPTlON 

I 

lloviscd 01-MAY-91 



6629-01-@-0050 BOREIIOLE LOG 
PROJECT ID - P I M E ,  42 92@ BOIUIIOLE UIAMBTER (IN) 

F A C ~ ~ T ~ I D O C E A N A  (-N-AS) C mruarn~vn& 
 LOCATION^, 4 Q r 6 L 2  WATER E N ~ ~ U N T E ~ L R U  (rn ?i?'+ - 
d A l Z  BBTABLIBIIED lOP OF BEDROCK (FT) 

I 

. EBTML18llma COMI~AW B E z DNLtlNOIEXCAVAllNa MWIlOl) .~&&p 

I iOCATION DESCIUP'HON- d SITE SKETCII WULLINGIEXCAVAN COMPANY fig L A 



APPENDIX C 

WELL CONSTRUCTION DIAGRAMS 



/4 n o PAGE L OF L 
I 1 

WELL COMPLETION INFORMATION 
6629-01-Oq-0050 (SINGLE CASED, SCREENED) 

PROJECT ID - PHASE: J; LCL= 2 WELL COMPLETION METHOD 25 
FACILITY ID OCEAN_A_J.NAS) INSTALLATION DATE ' 0 3  MAR 1992 
WELL LOCATION ID LC-& u-6 1 INSTALLING COMPANY Me r p r L UM ( - - - ) 
SCREENED LENGTH (FT) i 0  " 2, r- / 2 .  '.- PURGE PUMP TYPE (---I 
INNER CASING LENGTH (FT) 2 ' 0-2-=f ' SAMPLE PUMP TYPE ( - - - )  

INNER CASING MATERIAL Bo ( PYG) PURGE PUMP DEPTH (FT) 
SCREEN SLOT SIZE (IN) 0.01 W P L E  PUMP DEPTH (IT) 
REMARKS Adr.cf? Jr61ocZV WELLYIELD BEGINNING (GPM) 

6 . F b  f&91 I L y  

0yZU)r I 
'DATE: DD-MMM-W Revised 1 2-1 9-69 
OESTlMATED 



WELL COMPLETION INFORMATION 
662s-01-a-0050 (SINGLE CASED. SCREENED) 
PROJECT ID - PHASE: L& 2 0, WELL COMPLETION METHOD 25 
FAClLlTV ID OCEAN&-(.NAS) INSTALLATION DATE' o 4 MAR 1992 
WELL LOCATION ID 2 0 #W - 07- INSTALLING COMPANY (-- - I  
SCREENED LENGTH (FT) 1.3. r- ~ e 3 . 0  PURGE PUMP TYPE (-- - I  
INNER CASING LENGTH (Fl7 3 .  '7- SAMPLE PUMP TYPE ( - - - I  
INNER CASING MATERIA&=? PYZ) PURGE PUMP DEPTH (FT) 

SCREEN SLOT SIZE (IN) 0.0 1 SAMPLE PUMP DEPTH (FT) 
REMARKS . ~ c - = L ?  6 lO-Sh-6g WELL YIELD BEGINNING (GPM) 
Sh'-Og Han +L?GUG fp -  '7 ODOR MA,', P a / .  /+D 

'DATE: DPMMM-W Revised 12-1 9-89 



I WELL COMPLETION INFORMATION 
6629-01-0 9 -0050 (SINGLE CASED. SCREENED) 

7 

PROJECT ID - PHASE: L; LQs & WELL COMPLETION METHOD 52 
FACILITY ID OCEANA JNAS) INSTALLATION DATE ' / r, MAR 1992 
WELL LOCATION ID c7_Ima-03 INSTALLING COMPANY c4 ,L "4 ( ---) 

SCREENED LENGTH (Fl') / O PURGE PUMP TYPE (--- I  
INNER CASING LENGTH (FF) 3 - s- SAMPLE PUMP TYPE (---I 
INNER CASING MAlERV\Ll;rs (pyG) 2 PURGE PUMP DEPTH (m 
SCREEN SLOT SIZE (IN) 0 - 01 SAMPLE PUMP DEPTH (FTJ 
REMARKS 4-C-0 04 m20-5B-07L WEUYIELD BEGINNING (GPM) 

'DATE: DD-MMM-W Revised 12-1- 

I 'ESnMATED 



PAGE L OF I 
I I 

WELL COMPLETION INFORMATION 
6629-01-0s-0050 (SINGLE CASED. SCREENED) 

PROJECT ID - PHASE: L (;LO? &e WELL COMPLETION METHOD 25 
FACILITY ID .OCEANA_(NASl INSTALLATlON DATE ' h 9  MAR 1992 
WELL LOCATION ID 20- flu-09 INSTALLING COMPANY -cni~-d . (---) 
SCREENED LENGTH (FT) / 0 PURGE PUMP TYPE (---) 

INNER CASING LENGTH (FT) SAMPLE PUMP TYPE (---) 

INNER CASING MATERIALS~HW( P y c )  2 " PURGE PUMP DEPTH (m 
SCREEN SLOT SIZE (IN) 0.01 SAMPLE PUMP DEPTH (FT) 
REMARKS L * c m @  c.1 cmzo-r&09b WELL YIELD BEGINNING (GPM) 

PROTECTIVE 
CASING HEIGHT. cm 

INNER CASING 

03CZ4aa I 
'DATE: DD-MMM-W Revised 12-1 9-69 
oESTIMATED 



PAGE 1 OF L 
I 1 

WELL COMPLETION INFORMATION 
6 6 2 9 - 0 1 - 6 9 - 0 0 5 0  (SINGLE CASED. SCREENED) 

PROJECT ID - PHASE: (;Q= z6, WELL COMPLETION METHOD 
FACILITV ID -AN_A_ J NAS) INSTALLATION DATE ' 06 MAR 1992 

WELL LOCATION ID 2 0_/17&?-Oz INSTALLING COMPANY ( - - - I  
SCREENED LENGTH (FT) / 0 PURGE PUMP PlPE (---) 

. -  
INNER CASING LENGTH (Fil 3 - > SAMPLE PUMP TYPE (---I 
INNER CASING MATERIAL*& ( PYG) PURGE PUMP DEPTH (Fil 

SCREEN SLOT SIZE (IN) 0  - 01 SAMPLE PUMP DEPTH (m 
REMARKS / * . , r ; 7 9 o e O  9-1 SG-16 WELL YIELD BEGINNING (GPM) 

03C2aa 

'DATE: DD-MMM-W Revised 12-1 989 

*ESTIMATED 



PAGE 2 OF 1 
I 

WELL COMPLETION lNFORMATlON 
6629-01- 09 -0050 - (SINGLE CASED. SCREENED) 

PROJECT ID - PHASE: LQ= 5 0, WELL COMPLETION METHOD 5 
FACILITY ID OCEAN&JNAS) INSTALLATION DATE ' 10 MAR 1992 
WELL LOCATION ID 20 mOJ- 0 6 INSTALLING COMPANY  CALL A h) ( _ _ _ )  
SCREENED LENGTH (FT) 1 0  PURGE PUMP N P E  (---I 
INNER CASING LENGTH ( I T  3 SAMPLE PUMP TYPE (---I 
INNER CASING MATERIAL re ( fYG) 2 " PURGE PUMP DEPTH (FT) 
SCREEN SLOT SIZE (IN) 0-01 SAMPLE PUMP DEPTH ( I T  
REMARKS L O C - ; ~ E ~ '  o J 20-5/3* I( WELL YIELD BEGINNING (GPM) 

03~2u)a I 
'DATE: DD-MMM-W Revised 12-1 9-89 
OESTlMATED 



WELL COMPLETION INFORMATION 
662s-01-a-0050 (SINGLE CASED. SCREENED) 
PROJECT ID - PHASE: 5; T O- 2 0 WELL COMPLETION METHOD 52 
FACILIW ID OCEANA-(NASI INSTALLATION DATE ' o MAR 1992 
WELL LOCATION 1~20 MW -- INSTALLING COMPANY (--- 

SCREENED LENGTH (Fr) / n PURGE PUMP TYPE (---I 
INNER CASING LENGTH (FT) F3.5' SAMPLE PUMP M P E  (---) 
INNER CASING MATERIAL .c ( PYC) ~ C + J  80 PURGE PUMP DEPTH (FT) 

SCREEN SLOT SIZE (IN) 0 - 01 SAMPLE PUMP DEPTH (FT) 

REMARKS WSGC ECAB c ) s M .)* 9 WELLYIELD BEGINNING (GPM) 
CN &E,?GU~LG-  Z0-5/3 - 07 

PROTECTIVE 
CASING HEIGHT. (FS) 

INNER CASINO 

0 3 C m  

'DATE: DD-MMM-W Reviged 12-1 9-89 I oESTIMATED 



GEOUS We// Deve/opment Form . . . .. :. . .. .. s ... . 
. . ~ .  . . .; 

. . . 

H&&/U.IY) - CQUPINY: wp~m: 
DLIWT: -.r . ME / S M a - n 4  92 
p~o~ac r :  &%'-U/- 06 m ~ o m  77-0 Gt-~ak 

KYL(IL(I-#' &/fiSs arm SKIWTURT 
2 

ONE WELL VOWME: WsllVohm 2hch-0.16 ghfh-1.47 

mRlmwrolmlQRoyF.W.Mk 



GEOUS Well Development Form 
#c &Am ,, =2&-&d-03 GoyPm 

CUBR: - r MTe /a rl&-L 9 2  
7 ;= Fn L4oaw: '~~ 

sm: K&tL&? kf- fi-k fflwwle 
J 



GEOUS Well Development Form 
. .. .. . . .. . . .. . . . .. . ... . . . . . . .. . .. . 

-Ad-04 WELLNO.: 2 9  * 4 
DATE: 

... 
:.. 



I GEQLIS We// Devejopment Form 
ZO -A?&-05 WBLNO2 

/3 L4h-c.L 42 m 
~?OM 

a- 
d 



GEOUS We// Development Form 
-pm. MC & / w , ~  . B-JIr/-oL 

/Z MFYG~ S 
Cr,h 4k 

Srrr 8KIwNRT .... .- ........ , 



GEous Well Development F omt 



APPENDIX D 

HYDRAULlC CONDUCTI\'ITY DAT, 



M W - 3  SLUG TEST NAS-OCEANA 
DATA SET' 
NASSTMW3,DAT 

04/29/92 

AQUIFER TYPE: 
Unconfined 
SOLUTION METHOD: 
Bouwer-Rice 

E S T I M A T E 0  PARAMETERS: 
K = 0 002149 ft/min 
yo  = 6 292 f t  

TEST DATA: 
HO - 6.544 f t  
r c  0.167 f t  
r w  - 0.833 f t  
L = 10. f t  
b = 50.  f t  
H - 5 .  f t  

10. ~ I I I I I I I I ( I I I I I I I I I  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I  - - 
- - 
- - 

- 
n 
U 
4. 

14 

v 

u - 
r: 

i 
(U 

- 
0 
id - 
a 
VI .- 
a - 

r l l l l l l l l r l l l l l l l ~ ~ ~ ~ l ~ ~ ~ l ~ ~ ~ ~ ~ ~ ~ ~ ~  
0. 1.8 3.6 5.4 7.2 9. 

T i m e  (min) 



Envirmnental Logger 
04/10 1827 

Unit# 03 Test 3 

Setups: INPUT 1 INPUT 2 ------------ --------- --------- 
Level (F) Level (F) 
Toc Toc 

1.0. MU-3 E-4 

Linearity 
Scale factor 
Offset 
Delay mEC 

I Step 0 

Elapsed liar ------------ 
0.0000 

- 0.0083 

0.0250 
0.0333 

INWT 1 INPUT 2 
--------- --------- 

1.418 -0.012 
1.355 -0.012 
1.434 -0.012 
1.544 -0.006 
1.308 -0.012 
0.993 -0.012 
0.740 -0.006 
0.567 -0.012 
0.457 -0.012 
0.378 -0.012 
0.331 -0.012 
0.283 030.012 
0.267 -0.012 
0.236 -0.012 
0.220 -0.012 

0.220 -0.012 
0.220 -0.012 
0.204 -0.012 
0.204 -0.012 
0.204 -0.012 
0.189 -0.012 
0.189 -0.012 
0.189 -0.012 
0.189 -0.012 
0.173 -0.012 
0.173 -0.012 
0.157 -0.012 
0.157 -0.012 
0.141 -0.012 
0.141 -0.012 
0.126 -0.012 
0.110 -0.012 
0.110 -0.012 
0.110 -0.012 
0.094 -0.012 



1.2500 
1.3333 
1 .C166 
1.5000 
1.5833 
1.6666 
1.7500 
1.8333 
1.9166 
2.0000 
2.5000 
3.0000 
3.5000 
4.000D 
4i5000 
5.0000 
5.5000 
6.0000 
6.5000 
7.WOO 
7.5000 
8.0000 
8.5000 
9.0000 
9.5000 

10.0000 
11.0000 
12.0000 
13.0000 
14.00W 
15.00M) 
16.0000 
17.0000 
18.W00 
19.0000 

END 



E n v l r m t a l  Logger 
04/10 18:29 

U n i t #  03 Test 3 

Setups: INPUT 1 INPUT 2 
------------ --------- --------- 

Level (F) Level ( F l  

TOC Toc 
1.0. MU-7 E-4 

Linearity 

Offset I "" '"'Or 
Delay mSEC 

Elsped T i m  --.--------- I 0.0000 
- 0.0083 

I 0.0166 
0.0250 
0.0333 
0.0416 
0.0500 
0.0583 
0.0666 
0.0750 I 0.0833 
0.10W 

0.1666 
0.1833 
o., 

INPUT 1 IYWT 2 
--.------ --------- 

1.087 12.232 
0.993 12.232 
0.851 12.232 
0.740 12.232 
0.614 12.232 
0.520 12.232 
0.LW 12.232 
0.315 12.232 
0.252 12.232 
0.157 12.232 
0.078 12.232 

-0.063 12.232 
-0.173 12.232 
-0.299 12.232 
-0.409 12.232 
-0.504 12.232 
-0.598 12.232 
-0.662 12.232 
-0.740 12.232 
-0.803 12.232 
-0.866 12.232 
-0.929 12.232 
-0.9i7 12.232 
-1.024 12.232 
-1.056 12.232 
-1.087 12.232 
-1.197 12.232 
-1.2m 12.252 
-1.245 12.232' 
-1.261 12.232 
-1.261 12.232 
-1.261 12.232 
-1.276 12.232 
-1.276 12.232 
-1.292 12.232 
-1.292 12.232 







APPENDIX E 

STEP-DRAWDOWN TEST, RECOVERY AND PUMP TEST PLOTS 



ROY F .  W E S T O N ,  INC. 

P r o j e c t  N O . :  6629-01-09 

C l i e n t :  NAS-OCEANA 

~ o c a t i o n :  VIRGINIA BEACH, VA. 

PZ-1 (STEP 0) S T E P  DRAWDOWN TEST 
DATA SET: 
0: \OATA\PZISOT7,AQT 

05/04/92 

AQUIFER TYPE: 
Unconfined 

SOLUTION METHOD: 
Theis 

TEST DATE: 
04/09/92 

TEST WELL: 
T W - I  

rlns. WEI..I-: 
P Z - l  

ESTIMATED PARAMETERS: 
T - 0.3418 f t2 /min  
S = 0.0005105 

TEST DATA: 
3 Q = 0.5348  f t  /mln 

r = 88.  f t  
b = 50.  f t  

1. 

- 
c, 
b, 
V 

e 
0 
a 
$ 
(d 
h 0.1. 
cl 
'u 
aJ 
C, 
0 
Q) 
h 
L 
0 
U 

0.01 

- I I 1 1 1 1  1 1 1  I I I I I I I L  
- - 
- - 
- - 
- - 
- - 
- 

- 

/ 111 

- - - 
- - 
- - 
- - 
- - 
- - 

- - 

1 I I 1 1 1  I I 1 1 1 l 1 1  

1. 10. 100. 
T i m e  (min)  



ROY F .  WESTON; I N C .  

P r o j e c t  N O . :  6629-01-09 

client: NAS-OCEANA 

~ o c a t i o n :  VIRGINIA BEACH, VA. 

PZ-2 (STEP 0) STEP DRAWDOWN TEST 

1. - I I 1 1 1  1 1 1 1  I  I  I I  I I I U  
- - 
- - 
- - 
-.  - - - 

c, 
44 
v - 

e - 
0 
5 
s 
cd 
L 0.1 - - 
n - - 
5 

- - - w - 
.v - 
0 

- 
w - 
F. 

- 
F. - 
0 

- 
v - - 

0.01 I 1 1 1 1 1 1  

1. 10. 100. 
T i m e  (min) 

DATA SET: 
8: \OATA\PZ2SOT7. AOT 

05/04/92 

AQUIFER TYPE: 
Unconfined 

SOLUTION METHOD: 
Theis 

TEST DATE: 
04/09/92 

TEST WELL: 
T W - 1  

OBS. WELL: 
PZ-2 

ESTIMATED PARAMETERS: 
T = 0.3264 ft2/min 
s = 0.0001109 

TEST DATA: 
o - 0.5348 ft3/min 
r - 188. ft 
b = 50, f t  



- 
ROY F. W E S T O N ,  INC. 

P r o j e c t  N o . :  6629-01-09 

C l i e n t :  NAS - 0 C E A N A  

~ o c a t i o n :  VIRGINIA B E A C H ,  VA. 

M W - 0 6  (STEP 0 )  STEP DRAWDOWN TEST 
DATA SET: 
8: \OATA\MW6SOT7.AOT 

05/04/92 

AQUIFER TYPE: 
Unconfined 

SOLUTION METHOD: 
Theis 

TEST DATE: 
04/09/92 

TEST WELL: 
TW-1 

0 0 s .  WELL: 
MW-06 

ESTIMATED PARAMETERS: 
T - 0.5044 ft2/min 
S - 0.0005434 
TEST DATA: 
O = 0.5348 ft3/min 
r = 50. f t  
b = 50. ft 

> 

1. - I  I I  I  I  I I I J  I I  I I  I I I I  I  I  I  I I l l y  - - - - - - 
- 
- - - 

c, 
CI - - 
V 

I 

- - 
- 
... 

a 
a 
a, 
u 
0 0.01 al 
L 
L 
0 
U 

0.001 
1. 10. 100. 1000.  

T i m e  (min)  

- m - 
- - 

D O  

, - - - - - - - - - - 
- - 
- - 

- - 

I  I I I  I I I I  I I  1 I  l  I l l  I  I I  I I  I l l  



ROY F. WESTON,. INC. 

P r o j e c t  NO.: 6629-01-09 

Client: NAS -0CEANA 

~ o c a t i o n :  VIRGINIA BEACH, VA. 

PZ-1 (STEP 1) STEP DRAWDOWN TEST 
DATA SET: 
8: \OATA\PZlSlT7 . A O T  

05/04/92 

AQUIFER TYPE: 
Unconfined 

SOLUTION METHOD: 
Theis  

TEST DATE: 
04/09/92 

TEST WELL: 
TW-1 

013s. WELL: 
P Z - 1  

ESTIMATED PARAMETERS: 
T = 0.9151 f t 2 / n i n  
S = 9.0409E-06 

TEST DATA: 
o = 0.8289 f t 3 /m in  
r - 88. f t  
b - 5 0 .  f t  

100. 

- 
.M 10. 
h 
w 

$ 
0 

1. 

= 1 I 1 1 1 1 1 1 1  I 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 ~  1 I I11111~ I I I Ilm - - - - 
- - 

- 
- - 

- - 
- - - - - - - - - - I z - 

- - 

- - - - -. 
3 - - 
cd - 
I-. - 
Q - 

a 0 . 1 T  
P) 

- 
- - - 

C, 
- - - 

0 - - - - 
P) - 
h 

- 
L - - 
0 
u 0.01 7 - - 

- - - - - - - - - - - 
- - 

0.001 
0.001 0 .01 0.1 1. 10. 100. 

T i m e  (min)  



PZ-2 (STEP 1) STEP DRAWDOWN TEST 

ROY F .  WESTON, INC.  

P r o j e c t  N O . :  6629-01-09 

DATA SET: 

Cl l e n t :  NAS-OCEANA 

~ o c a t  i o n :  V I R G I N I A  BEACH, VA. 

T i m e  (min)  

1 AQUIFER TYPE: I 
Unconfined 

SOLUTION METHOD: 
Theis 

TEST DATE: 
04/09/92 

TEST WELL: 
TW-1 

OUS. WELL: 
PZ-2 

ESTIMATED PARAMETERS: 
T - 2.291 ft2/min 
S - 0.0003156 
TEST DATA: 
Q = 0.0209 ft3/min 
r = 188. ft 
b - 50. f t  



ROY F .  W E S T O N ,  INC.  

P r o j e c t  N O . :  6629-01-09 

C l i e n t :  NAS-OCEANA 

~ o c a t i o n :  V I R G I N I A  B E A C H ,  VA. 

MW-6 (STEP 1) STEP DRAWDOWN TEST 
DATA SET: 
8: \DATA\MWGSIT7. AQT 

05/04/92 

AQUIFER TYPE: 
Unconfined 

SOLUTION METHOD: 
Theis 
TEST OATE: 
04/09/92 

TEST WELL: 
TW-1 

0 0 s .  WELL: 
MW-6 

ESTIMATED PARAMETERS: 
T = 1 . 3 7 1  f t2 / rn in 
S = 8.5433E-06 

TEST DATA: 
3 Q - 0.8289 f t  /mln 

r = 5 0 .  f t  
b - 50. f t  

100. I I1111111 I 1 1  1 1 1 1 1 (  1 1 1 1 1 1 1 1 \  1 1 1  1 1 1 1 1 ~  1 :I IlIIg 

c, 10. 
CI 
V 

e 
0 .  

- - - 
- - 
- - 

- - 
r - - - - - - - - - - I: - 
- - 

a I. - - - - - ;c - 
d - 

k - - 

a 0.1 - 
Q) 

- - - - - 
c, 

- - 
0 

- - 
0) - 
L, 
L 

- 
0 
u 0.01 - - - - - - - 

- 
- 

0,001 
I I IIIU 

0.001 0 .01 0.1 1. 10 .  100. 
Time (min)  



P Z - 1  (STEP 2)  S T E P  DRAWDOWN TEST 
1 DATA SET: 

ROY F .  WESTON, INC. 

P r o j e c t  NO. :  6629-01-09 

0.001 
0.001 0 .01  0.1 1. 10. 100. 

T i m e  ( m i n )  

C l i e n t :  NAS-OCEANA 

~ o c a t  i o n :  V I R G I N I A  B E A C H ,  VA, 

8: \OATA\PZlS2T7. AQT 

05/04/92 

1 AQUIFER TYPE: 
Unconfined 

SOLUTION METHOD: 
Theis 

TEST DATE: 
04/09/92 

TEST WELL: 
TW-1 

OBS. WELL.: 
MW-6 

ESTIMATED PARAMETERS: 
2 .  T = 1.528 f t  /mln 

S = 8.7837E-06 

TEST DATA: 
3 Q = 1.169 f t  /min 

r = 88. f t  
b = 50. f t  



PZ-2  (STEP 2)  STEP DRAWDOWN TEST 
DATA SET: 

ROY F .  W E S T O N ,  I N C .  

P r o l e c t  N O . :  6629-01-09 

- 
C, 10. 
C1 
V 

d 
S 
0 
a 1. 
S 
d 

& 
* 0.1 a, 
c, 
U 
a, 
h 
h 
0 
u 0.01 

0.001 
0.001 0.01 0.1 1. 10. 100. 

T i m e  (min )  

C I  i e n t :  NAS-OCEANA 

~ o c a t i o n :  V I R G I N I A  B E A C H ,  VA. 

0: \OATA\PZ2S2T7. AQT 

05/04/92 

AQUIFER TYPE: 
Unconfined 

SOLUTION METHOD: 
The is  

TEST DATE: 
04/09/92 

TEST WELL: 
TW-1 

OBS . WELL: 
PZ-2 

~ ~ 

ESTIMATED PARAMETERS: 
2 T - 3.773 f t  /mln 

S = 3.7875E-05 

TEST DATA: 
Q - 1.169 f t3 /min  
r - 188. f t  
b - 50. f t  



P r o j e c t  N O . :  6629-01-09 ( ~ o c a t l o n :  VIRGINIA BEACH, VA. 

ROY F .  WESTON, I N C .  

MW-6 (STEP 2 )  STEP DRAWDOWN TEST 

C l i e n t :  NAS-OCEANA 

Time (min)  

D A T A  SET: 
8: \OATA\MW6S2T7. ART 

05/04/92 

( AQUIFER TYPE: 
Unconfined 

SOLUTION METHOD: 
Theis 

TEST DATE: 
04/09/92 

TEST WELL: 
TW-1 

O B S .  WELL: 
MW-6 

ESTIMATED PARAMETERS: 
T = 1.925  f t2 /min  
S - 3.1595E-07 

TEST DATA: 
3 O = 1.169  f t  /mln 

r = 50 .  f t  



ROY F. WESTON, INC. 

P r o j e c t  NO. :  6629-01-09 

Client: NAS-OCEANA 

L o c a t i o n :  VIRGINIA BEACH, VA. 

TW-1 RECOVERY DATA-PUMP TEST 
DATA SET: 
0: \DATA\TWlRD. AOT 

05/0 1/92 

AQUIFER TYPE: 
Conf ined 

SOLUTION METHOD: 
Theis  Recovery 

TEST DATE: 
04/09/92 

TEST WELL: 
TW-1 

OBS. WELL: 
TW-1 

ESTIMATED PARAMETERS: 
T - 0.079 f t 2 / m i n  
S '  - 1.755 

TEST DATA: 
Q = 1.404 f t 3 /m in  
t pumping = 8 .  min 

I I  I  1 l  I l l  I I  I  I I I I  
0 0 

0 
n 0 o  

I I  I  I  I l l f f  

- 

1. 10. 100. 1000. 
T i m e  t / t '  



ROY F .  WESTON, INC. 

P r o j e c t  N o . :  6629-01-09 

C l i e n t :  NAS-OCEANA 

L o c a t i o n :  VIRGINIA BEACH, VA. 

PZ-2 RECOVERY DATA-PUMP TEST. 

0 0 0 0 0 0 0 0 0  0  0 0 

I I I  I  I I I I  I I  I  I  l l l l  I  I I  I I I I  

1. 10. 100. 1000. 
T i m e  t / t '  

DATA SET: 
8: \DATA\PZ2RO. AOT 

05/04/92 
- 

AQUIFER TYPE: 
Conf ined 

SOLUTION METHOD: 
T h e i s  R e c o v e r y  

TEST DATE: 
04/09/92 

TEST WELL: 
r w - 1  

OBS. WELL: 
PZ-2 

ESTIMATED PARAMETERS: 
T = 3.56 f t 2 /m in  
S' = 0.006022 

TEST DATA: 
0 - 1.404 f t 3 / m i n  
t pumping - 8 .  min 



7 

ROY F. WESTON, INC.  

P r o j e c t  N o . :  6629-01-09 

C l i e n t :  NAS-OCEANA 

L o c a t i o n :  V I R G I N I A  BEACH, VA. 

M W - 0 6  RECOVERY D A T A - P U M P  TEST 

I  I I  I  I I I I  I  I I  I I I I  

- - 

I  I I  I  I I I I  I  I  I I I I I  

1. 10. 100. 1000. 
T i m e  t / t '  

DATA SET: 
8: \OATA\MW6RO . A Q T  

05/04/92 

AQUIFER TYPE: 
Confined 

SOLUTION METHOD: 
Theis Recovery  

TEST DATE: 
04/09/92 

TEST WELL: 
TW-1  

0 6 s .  WELL: 
MW-06 

ESTIMATED PARAMETERS: 
T - 5 .545  ft2/min . 
S' - 2.6887E-09 

TEST DATA: 
0 = 1.404 ft3/min 
t pumping = 8 .  min 



ROY F.  W E S T O N ,  INC.  

P r o j e c t  N O . :  6629-01-09 

C l i e n t :  NAS-OCEANA 

L o c a t  i o n :  V I R G I N I A  B E A C H ,  VA. 

PZ-1 PUMP TEST NAS-OCEANA 
DATA SET: 
0: \OATA\PZiPT. AQT 

05/04/92 

AQUIFER TYPE: 
Unconfined 

SOLUTION METHOD: 
Theis 

TEST DATE: 
04/09/92 

TEST WELL: 
TW-1 

0 0 s .  WELL: 
PZ-1 

ESTIMATED PARAMETERS: 
T = 1 .991  ft2/rnin 
S = 0.002564 

TEST DATA: 
0 - 1.404 f t3 /min 
r = E n .  f t  
b = 50.  f t  

- I I111111 I  I  I11111 I I  I I I m  

- 
C, 
L. 
V 1. 

- - 
- - 
- - 

- 
- - 
- - - - 
- 

- 
- I: e - - - 

0 - - 
u 
s - 
&I 
& 0 .1  =- 
!2 

- - - - - - - 
a - 

- - 
aJ 

- 
4 

- - 
U - - 
aJ 
k " 0.01 - - 
0 - 
U 

- - - - - - - - 
- - 
- - 

0.001 I I 1 1 1  1 1 1  I  I  1 l  l  l l L  

0 .1 ' 1. 10. 100. 1000. 
T i m e  (min )  



ROY F .  WESTON, I N C .  C l i e n t  N A S - O C E A N A  

P r o l e c t  NO .: 6629-01-09 ~ o c a t i o n :  VIRGINIA BEACH, VA. 

PZ-2 PUMP TEST NAS-OCEANA 
DATA SET: 
8. \OATA\PZ2PT. AQT 

100. 1 1 ~~~~~~ I 1 1 1  1111 I  I111111~ I  I  I11111~ 05/01/92 
- - - - - AQUIFER TYPE: - - 
- - unconfineci 

10. 
SOLUTION METHOD: 

C, 
- - 

& - - - - Theia 
V - - 

- - 
- I1  TEST DATE' e 04/09/92 - - 

o TEST WELL: 
5 1. r - TW-I - - - - - 
$ - - OBS. WELL: - 
cd - 
& - - 

PZ-2 n - 
5 0.1- ESTIMATED PARAMETERS: 
P) 
c, 

- - - T - 1.378 f t 2 /m in  
0 - - S = 0.001576 - 
w 
L 

- - 
k - - 
0 0 0-DCD 0- TEST DATA: 

u 0.01 - 3 .  Q * 1.404 f t  /mln - - - - - P I lB8.  f t  - - - - - b = 50. f t  - - 
- - 

0.001 
0.01 0.1 1. 10. 100. 1000. 

Time (min)  

r 



ROY F .  W E S T O N ,  INC.  

Project No . :  6 6 2 9 - 0 1 - 0 9  

Client: NAS-OCEANA 

Location: V I R G I N I A  B E A C H ,  VA. 

MW-6 PUMP TEST NAS-OCEANA 
DATA SET: 
0: \DATA\MWBPT. AOT 

05/01/92 

AQUIFER TYPE: 
Unconfined 

SOLUTION METHOD: 
T h e l s  

TEST DATE: 
04/09/92 

TEST WELL: 
TW-I 

OBS. WELL: 
MN-6 

ESTIMATED PARAMETERS: 
T = 2.028 f t 2 /m in  
S = 0.0002915 

TEST DATA: 
Q = 1.404 ft3/min 
r = 50. f t  
b = 50. f t  

I  I  1111l1 - I I  1 l 1 1 1 1 ~  I I I I I  

A 
t' 
CI 
w 1 .  

- - - - - - - - - 
- - 

7 - - - - I e - 
- 

0 - 

a - 
3 
d 
$. 

- - 
n - - - 
a 

- 
- 

Q) 
u 

- 
U 

W 
- 

aJ 
L 
L' 0.01 - - 
0 am 

- 
U 

- - - - - - - 
- - 
- - 
- - 

0.001 I I  1 1  1 1 1 1 1  I I1111111 I  I  I 1 1 1 1 1 1  I  I  I I I I I L  

0.1 1. 10. 100. 1000. 
Time (min) 



APPENDIX E 

STEP-DRAWDOWN TEST, RECOVERY AND PUMP TEST PLOTS 



RAW HERMIT DATA FROM THE STEP-DRAWDOWN. 
RECOVERY, AND PUMP TESTS 

Step-Drawdom Data = Test 7, Step 0 

Test 7, Step 1 

Test 7, Step 3 

Pump Test Data = Test 6, Step 0 

Recovery Test Data = Test 6, Step 1 



I setups: 

I 
Linear i ty  
Scale factor 
Offset 

Elapsed T i m e  ..---------- 
0.0000 

SE2000 
E m i r m r m r a l  Logger 

04/09 07:49 

Unit* 03 Test 7 

INWT 1 IWPUT 2 l W F W  5 INPUT 4 
--------- --------- --------- --------- 
Level (F) L e n 1  (F) Level (F) Level (F) 

TOC TOC TOC roc 
TU-01 PZ-1 PZ-2 W-6 

Step 0 04/08 16:28:52 





I setups: 

Linearity 

I Scale factor 
Offset 
Delay mSEC 

Elapsed Tine 
--.--------- I 0.0000 

SE2WO 
Envirwnmtal  Logger 

04/09 07:62 

Unit# 03 Test 7 

INPUT 1 INPUT 2 INPUT 3 INWT 4 --------- --------- --------- --------- 
Level (F) Level (F) Level ($1 Level (F) 
TOC TOe TOC TOC 

TU-01 PZ-1 PZ-2 MU-6 

Step 1 O4lOB 17:OO:UJ 







Linearity a :;::? 

Elapsed T i e  ----------.- I 0.00w 

SE2WO 
Emironrrntel Logger 

04/09 07:32 

Unit* 03 

INPUT 1 lWPtn 2 lNWT 3 IWPUT 4 
--------- --------- --------- --------- 
Level (f) L m l  (F) Level (F) Level (F) 
TOC TOC TOC TOC 

TU-01 PZ-1 PZ-2 W-6 

Step 2 04/08 18:02:37 

INPUT 1 IUPUT 2 --------- --------- 
3.116 0.349 
3.167 0.349 
3.116 0.349 
3.161 0.333 
3.116 0.349 
3.180 0.349 
3.161 0.333 
3.161 0.333 
3.154 0.349 
3.154 0.349 
3.192 0.333 
3.218 0.349 
3.230 0.349 
3 . a  0.349 
3.237 0.333 
3.224 0.349 
3.186 0.349 
3.211 0.349 
3.199 0.349 
3.186 0.349 
3.230 0.349 
3.243 0.349 
3.268 0.349 
3.275 0.349 
3.287 0.349 
3.287 0.349 
3.224 0.349 
3.313 0.349 
3.325 0.349 
3.287 0.349 
3.389 0.349 
3.458 0.349 
3.452 0.349 
3.503 0.349 
3.566 0.349 
3.547 0.349 







Linear i ty  

I scale fac tor  
Of f r e t  
Oelay lnSEC 

I 
E l a g e d  T i m  
------------ 

0.0000 
- 0.0083 

I 0.0166 
0.0250 
0.0333 
0.0416 
0.0500 
0.0583 

SEZODO 
Emiromentat  Logger 

04/09 07:24 

Unit# 03 Test 7 

InwT I INPUT 2 INPUT 3 -----.--- --------- -------.- 
Leval (F) Level (F) Level (F) 
TOC TOC TOC 

TU-01 PZ-1 PZ-2 

Step 3 Oll08 19:04:51 

INPUT 1 IYWT 2 I N W T  3 
-----*--- - - - - - - - - -  --------- 

3.927 0.492 0.141 
3.889 0.508 0.126 
3.8% 0.508 0.126 
3.851 0.508 0.126 
3.857 0.492 0.126 
3.781 0.508 0.126 
3.731 0.492 0.126 
3.686 0.508 0.126 
3.642 0.508 0.126 
3.591 0.492 0.126 
3.553 0.508 0.126 
3.471 0.508 0.126 
3.389 0.508 0.126 
3.313 0.508 0.126 
3.249 0.508 0.126 
3.186 0.492 0.126 
3.123 0.508 0.126 
3.- 0.492 0.126 
3.009 0.508 0.126 
2.958 0.508 0.126 
2.914 0.508 0.126 
2 . W  0.508 0.126 
2.819 0.492 0.141 
2.774 0.508 0.126 
2.723 0.508 0.126 
2.679 0.508 0.126 
2.464 0.508 0.126 
2.286 0.508 0.126 
2.128 0.508 0.126 
1.982 0.692 0.126 
1.849 0.508 0.141 
1.723 0.508 0.141 
1.615 0.508 0.126 
1.514 0.508 0.141 
1.431 0.508 0.141 
1.355 0.492 0.141 

IYPUT 4 
--------- 
Level (F) 

TOC 
W-6 

INPUT 4 
. - - - - - - - - - 

0.610 
0.601 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.610 
0.601 
0.601 
0.601 
0.592 
0.592 
0.582 
0.582 
0.582 
0.573 
0.573 



20. WOO 
21 .oooo I 22.0000 

30. WOO I 31.0000 
32.0000 

I 37.0000 
38.0000 

END 



Limarity 

Offset I """"" 
Delay laSEC 

Elapsed Tim 
.----------- 

! 
I I 0.0000 

Unit# 03 Test 6 

INPUT 1 INPUT 2 INPUT 3 IWWT 4 
--------- --------- -----.--- --------- 
Lewl (F) Level (F) Level (F) Lwei (F) 
TM: TOC IOC TOC 

TY-01 PZ-1 PZ-2 W-6 

Step 0 04/09 10:01:40 

INPUT 1 - - - - - - - - . 
0.943 
1.013 
1.076 
1.165 
1.228 
1.285 
1.361 
1 .&SO 
1.495 
1.552 
1.615 
1.697 
i .m 
1.786 
1 .811 
1.799 
1.856 
1 .843 
1.849 
1 .MB 
1.875 
1.932 
1.932 
1.957 
1.97'0 
1.995 
2.084 
2.172 
2.274 
2.312 
2.426 
2.565 
2.685 
2.793 
2.983 
3.173 





45.0000 

46.0000 
47.0000 
48.0000 

49.0000 
50.0000 
51 .DO00 

52.0000 
53.0000 
54.00W 
55.00W 
56.0000 
57.0000 
58.0000 
59.0000 
60.0000 
61 .OOOO 
62.0000 
63.0000 
64.0000 
65 .OOOO 

66.0000 
67. WOO 

68.0000 
69.0000 
70.OOW 
71 .OOOO 

72.0000 
73.0000 
74 .OOOO 
75.0000 
76.0000 
77.0000 

78.0000 
79.0000 
80.0000 
81.0000 
82.0000 
83.0000 
e4.0000 

85.0000 
86.0000 

87. WOO 
88.0000 
89. WOO 

90.0000 
91 .OOW 

92.0000 
93.0000 
94.0000 

95.0000 
96.0000 
97.0000 
98.0000 
W.0000 
100.0w 

101 .OW 
102.000 

103.000 
104.000 

















Linearity 

I Scale factor  
Offset 
Delay 6 E C  

Elapsed Time 
--.--------- I 0.00. 

0.OW 

0.0250 
0.0333 
0.0416 I 0.0500 
0.0583 

SE2000 
Emirormnta l  Logger 

04/10 17:25 

Unit# 03 Test 6 

INPUT 1 INPUI 2 IYWT 3 INPUT 4 --------- --------- --------- --------- 
Level (F) Level ( F l  Level (F) L e w l  ( F l  
Toc Toc TOC Toc 
TU-01 PZ-1 PZ-2 W-6 

Step 1 04/09 18:01:54 

INWT 1 INWT 3 INPUT b 
--------- --------. 

0.252 0.469 
0.252 0.469 
0.252 0.469 
0.267 0.469 
0.267 0.469 
0.267 0.469 
0.267 0.469 
0.267 0.469 
0.267 0.469 
0.267 0.469 
0.267 0.669 
0.267 0.469 
0.267 0.469 
0.267 0.469 
0.267 0.469 
0.267 0.469 
0.267 0.469 
0.267 0.469 
0.267 0.469 
0.283 0.469 
0.267 0.469 
0.267 0.460 
0.267 0 . W  
0.267 0.469 
0.267 0.469 
0.267 0.469 
0.252 0.469 
0.252 0.469 
0.252 0.469 
0.252 0.169 
0.252 0.469 
0.267 0.469 
0.2S2 0.469 
0.267 0.469 
0.267 0.469 
0.267 0.469 





45 .oooo 
46.0000 
47.0000 
48.0000 
49.0000 
50.0000 
51.0000 
52.0000 
53. WOO 
54.0000 

55.0000 
56.0000 
57.WOO 
58.0000 
59.0000 
60.0000 
61 .OOOO 
6Z.OWO 
63.0000 
64.0000 
65.0000 
66.0000 
67.00W 

68.0000 
69.0000 
70.0WO 
71 .OW0 
72.0000 
73.0000 
74 .oooo 
75.0000 
76.0000 

77.owo 
78.0000 
79.00W 

80.0000 
81 .oooo 
82.0000 

83.0000 
84.0000 
85 .OOOO 

86.0000 
87.0000 

1)8.0000 
e.Q.0000 
W.0000 
91 .oooo 
92.0000 
Q3.0000 
94.0000 

95.OWO 
96.0000 
97.0000 

98.0000 
W.OW0 
100.0W 
1Ol.Wo 
102.WO 
103.000 
104.000 























713.000 

714.000 
715.000 
716.000 

717.000 
718.000 
719.000 
720.000 

I 721.000 
722.000 
m . ooo 

725 .OOO 

726.000 
727.000 
728.000 
729.000 

731.000 r f: 
733.000 
TJ4.000 
735.000 
736.000 
737.000 
738.000 

i39.000 

741.000 

742.000 i 740.000 
743.000 
744.000 

745.000 
746.000 
747.000 
748.000 i 749.000 







APPENDIX F 

LABORATORY ANALYSES 



APR 2 2 1992 

ENVlRONMENTAL TESTING SERVICES, INC. 

P.O. Box 12715 888 Norlolk Square Nod&, Viqbia 23502 (604) 461-ETSI (3874) Fax (804) 4810379 
Revised 
April 17, 1992 
Page 1 of 5 

Roy F. Weston. Inc. 
Attn: Mr. Marvin Farmer 
287 Independence Blvd. 
Pembroke 11 Suite 113 
Virginia Beach, Virginia 23462 

Preliminar reeults for Job 56629-01-09. 
Samfle dellvery dates: March 6, March 12, March 13, April 2, April 3 and 
Apr 1 10. 1992. 

- .  
I. Total Petroleum Rvdmcarboos: SW-846 Method 8015, modified. 

Matrix: Soil 

Anne S. Burnett 
Quality Control Officer 

TPH in mlkq 
679 
332 

5 
7 
6 
6 

TVDe 
Kero 
xero 
Rero 
Kero 
Kero 
Kero 
Kero 
Kero 
Kero 
KerO 
Kero 
Kero 
Kero 
ND 
m 
m 
Kero 
Kero 
UD 
NO 
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I. Total Petroleum Hvdrocarbons: SW-846 Method 8015, modified. (...Continued) 

Matrix: s o i l  

20SB-19-02 
2OSB-Dup. 

ND = Not determined 

L L L &  
Anne s. Burnett 
Quality Control Officer 

xYE%L 
Kero 
Kero 
Kero 
Kero 

ND 
No 

Kero 
Kero 

ND 
ND 

Kero 
ND 
ND 
ND 
ND 
ND 

Kero 
Kero 

ND 
ND 
ND 



BTEX Analysis: EPA Method 8020. 

(Results presented 
Matrix: Sc 

Samrrle I0 
20SB-01-01 
2088-01-02 
20S8 02-01 
2088-02-02 
2058-03-01 
20SB 03-02 
20SB-03-Dup. 
20SB-04-01 
ZOSB 04-02 
20SB-05-01 
20SB-05-02 
20SB 05-Oup. 
20SB-06b-01 
20SB-06b-03 
2OSB-07-01 
20SB-07-02 
2OSB-08-01 
20SB-08-02 
20SB-09b-01 
2OSB-09-02 
20SB-10-01 
2058-10-02 
2OSB-11-01 
20SB-11-02 
20SB-12-01 
20SB-12-02 
ZOSB 13-01 
20SB-13-02 
20SB-14-01 
ZOSB 14-02 
2088-15-01 
20SB-15-02 
ZOSB 16-01 
2058-16-02 
2OSB-17-01 
20SB 17-02 
20SB-18-01 
2058-18-02 
ZOSB 19-01 
2058-19-02 
20SB-Dup. 

Benzene 
<o. 01 
0.07 

<0.01 
co.01 
co.01 
10.01 
co.01 
<0.01 
co. 01 
XO.01 
c0.01 
<o. 01 
<0.01 
CO.01 
co.01 
c0.01 
<o. 01 
0.13 

co.01 
<0.01 
<0.01 
c0.01 
0.01 

<0.01 
<0.01 
<0.01 
0.02 

<0.01 
<0.01 
<0.01 
<o. 01 
CO. 01 
c0.01 
<o. 01 
20.01 
co. 01 
<o. 01 
<o. 01 
co.01 
<0.01 
10.01 

Toluene 
0.04 
0.20 

<o. 01 

Ethyl 
Benzene 

0.35 
0.93 

co. 01 
co.01 
c0.01 
co.01 
co. 01 
0.04 
0.01 

co.01 
0.71 

20.01 
<0.01 
co. 01 
co.01 
40.01 
0.14 
1.05 

<0.01 
<o. 01 
0.01 
0.01 

co.01 
<0.01 
c0.01 
CO.01 
0.12 

c0.01 
co.01 
<0.01 
0.07 

<0.01 
<o. 01 
<0.01 
CO. 01 
c0.01 
0.09 

<0.01 
CO.01 
<0.01 
<0.01 
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Total 
Xvlenes 
0.54 
2.10 
0.01 

<0.01 
0.02 

<0.01 
<o. 01 
<0.01 
t0.01 
0.08 
1.53 
0.22 

<o. 01 
CO. 01 
<0.01 
<0.01 
0.36 
2.06 

<0.01 

Anne S. Burnett 
Quality Control Officer 

The information presented jn the re rt represents the laboratory analyses 
performed on the samples provlded to gvironmental Testing Services, Inc. in 
accordance wjth the test methods requested and descrrbed above. Env4ronmental 
Testrng Servrces Inc. is not responsible for any use of this rnformatron b its 
clients and shafl not reveal these results to an rson or entity wisout 
written authorizafion f r ~  its client. Any fixility on the part of 
Envrronmental Testrn Servrces, Inc. shall not exceed the sum paid by the client 
to Environmental ~ e 4 i n g  services, Inc. 
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111. Total Petroleum Erdmcarbons: Infra-red spectrophotometry, 
EPA Method 418.1. 

Matrix: Liquid 

Anne S. Burn.ett 
Quality Control Officer 

TPH in mall 
<1 
938 - 
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IV.  Aromatic Volat i les:  EPA Method 602, Purge & Trap. 

(Results  presented i n  mg/l) 
Matrix: Liquid 

Benzene 
c0.001 

Toluene 
CO. 001 
co. 001 
c0.001 
CO. 001 
co. 001 
CO. 001 
co. 001 
<0.001 
co. 001 
co.001 
co.001 

Chloro . 
Benzene 
c0.001 

Ethyl 
Benzene 
co.001 
<o. 001 
co.001 
co.001 

Total 1.2 
*- 
c0.001 
c0.001 
c0.001 
CO. 001 
co.001 
<0.001 
<0.001 
<o. 001 
co. 001 
CO. 001 
CO. 001 
c0.001 

5.060 
c0.001 
co. 001 
CO. 001 
<o. 001 
CO. 001 
<0.001 
<0.001 
c0.001 
<o. 001 

Xvlenes 
co.001 
<0.001 
co.001 

*a 
CO. 001 
CO. 001 

*A 
co. 001 
co.001 
c0.001 

co.001 
co.001 
<0.001 
CO. 001 
co.001 
co. 001 
co.001 
co. 001 
co.001 
co. 001 
c0.001 

~ - .- 
CO. 001 
co.001 
co. 001 

co. 001 
co. 001 
co.001 
co.001 

co.001 
CO. 001 
c0.001 

co.001 
CO. 001 
co.001 

CO. 001 
CO. 001 
co.001 

2OGW-06 
2OGW-07 
T K ~ D  Blank 

co. 001 
co. 001 
CO. 001 

so .  ooi  
0.003 

c0.001 

<0.001 
co.001 
co. 001 
CO. 001 
co.001 

1.170 
<0.001 

co. oo i  
c0.001 

3.230 
CO. 001 c0.001. 

0.247 
<0.001 
<0.001 
c0.001 
co.001 
co. 001 
c0.001 
co.001 
co.001 
co.001 

20HP-06 
2OHP-07 
20HP-08 
2OHP-Dup. 
2OEMW-03 
20EMW-04 
20EMW-06 
20EMW-07 
20EMW-Dup. 
Trip Blank 

0.184 
CO. 001 
<o. 001 

~ 

0.246 
CO.OO1 
CO. 001 

c0.001 
CO. 001 

0.015 
co.001 

0.016 
CO. 001 
co. 001 

c0.001 
CO. 001 
co.001 c0.001 

CO. 001 
c0.001 
co.001 
<0.001 

co. 001 
0.023 

<0.001 

Anne S. Burnett 
Qua l i ty  Control Off icer  

The information presented i n  t h e  r e p *  represents  t h e  laboratory analyses 
performed on . the  samples provided t o  nvironmental Testing Services, Inc. i n  
accordance w+th t h e  t e s t  methods requested and described above. Environmental 
Test lng Servrces Inc. i s  not responsible fo r  any use of t h i s  information b ~ t s  
c l i e n t s  and e h a i l  not reveal  these  r e s u l t s  t o  an erson o r  e n t i t y  wi&out 
wr i t t en  author iza t ion  from i ts  c l i e n t .  Any ??i&ility on t h e  p a r t  of 
E n v i r o ~ n t a l  Testine.Services, Inc. s h a l l  not exceed t h e  sum paid by t h e  c l i e n t  
t o  Envaronmental Tes mng Servaces, Inc. 
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CHAIN-OF-CUSTODY RECORDS 



CHAIN-OF-CUSTODY RECORD. 

7 - .  

U~~~RONM~~TA'LTESTINO SERVICES, INC. 
P.O. Box 12715 888 Norfolk Square Norfolk, VA 23502 
(804) 4614874 F a  (804) 461-0379 

&press &ice: <$I no Date Due: 



1 1 1 1 1 m D I I m I I ~ I m - - -  
CHAIN-OF-CUSTODY RECORD I 

m 
BMRONMENTALTESTINOSERVICB, INC. w P.O. Box 12715 888 Norlolk Square Nodolk, VA 23502 

(804) 461-3874 Fax (804) 461-0378 

- 

/ ,+, 6 / C.  

, ria~~rvitrUrti~ll~: I . a C ( a?,- P 4'9 A,~ /Y  , '7 &~.ic//;,~~::.,;,,.i ,.)$A .,o ,- $ 
\ .  . ,' 

Possible Sample ~ n z s r d s : ~  Sample Disposal: Rcturn to Client - or Disposal by L b  

DUC !( /j~,,,]5.< Express Service: yes 1 no 

- 11 ~elincquishid By: 1 Signature ' , Company I DateITime 
I 







. . 

m m ~ ~ ~ m , ~ m - - . m  
CHAIN-OF-CUSTODY RECORD . 

/U3Pn ... 

 IRONM MENTAL TESTING SERVICES, INC. 
816NorukwAwnw 
P.O..eoa ses - N#kUr Virghh 23501 
(W)W1716- FAX[804)WlM7 1 

P 

I 
/ 

.. , 
. . 

' . 

; .  

Turnamund T i  Required: (Rush must be approved by appropriate Manager md is subject a surcharge.)* 
N o d  - Rwh Ae 
h q l e  Dirporrl: Rehrm to C 

. s i i  C-PY,  ' . ... . ?  ... MU pelinauished Bv. 
Received_By: - C-Y r -  

, .:i.. r '*.& * 
C - W Y  - cua imo .  - 

cmP4 b w r ~ ,  ,Received By: - 



m I I s ~ 1 1 1 1 ~ m - - -  
CHAIN-OF-CUSTODY RECORD 

.,. . 

v 

E N V ~ O ~ ~ M E ~ ( T A L  TESTINGSERVICES, INC. 
P.O. Box 12715 888 Norfolk Square 1 Norfolk, VA 23502 
(804) 461-3874 Fax (804) 461-0379 

Special Imtruetiom: . . .  
or Disposal by LPb L/' Pwible Sample m r & .  , /3Xn.4 Disposal: Return to Client - 

L 
Exprpsc %mice: (j.71 no . . . . 

~* '  



. . saX atq~ aSwlgq 

, . Y-?r+b9 2~ :aria alas @ r?l :a!q smdq 

:=onanrlnrI ms 

. 

N ..: 3 , I j eta~og ' 

29qlUnN SlOnO 
. I 

6 I.-'- I U-&CT 'ON qoy 'ON JJPJO MWVYnd 

xva 'w =ow 

!./..):, ":.! 'V,'? wupw 

v '2, ." >,,:-* ,&.* ,onuog 
- / 



- ~ R I m l m m ~ - ~ m  
CHAIN-OF-CUSTODY RECORD 

EHVIRONMENTALTESTIN SERVICES, INC. 
P.O. Box 12715 888 Norfolk Square Norfolk, VA 23502 
(804) 461-3874 Fax (804) 481-0379 

company k: F ~ J , y < . r ; ~  11. 
Addmu / ,  ;,1;~ -1,. !,, 

Phono&FAX i'(Yo,y\ ~ 7 3 . 9 . 7 ~ 9  / ~ ? O Y J Y ~ ~ -  4 7 q ~  
Pvrsha~ O&r No. lob No. l d 2  9 - fi - 07 - 

. - 

Special hsiructions: 7-pH : 90 T ~ C S X '  802 0 

-J& 
' j - 1  

Possible Sample HazPrdr: -. Sample Disposal: Rchcrn to Client - or Disposal by LBb 

&press service yes&) Date Due: 

Snmple Pick-up Charge: yes I @  Mileage Charge yes I@ (-# ) 



&V~RONME'NTA.L TESTINO SERVICES, INC. 
\ \ I + + B ~ B N O N O I A V ~  

U 

i special ~nstructions: TPN 20 lC /griEK XOZ n 

Possible Sample Hoards: 

Turnaround Time Required: (Rush must be approved by appropriate Maoager and is subject to surcharge.)* 
Normal & *Rush- 

S m l e  Diwossl: Rehim to Client - or Disposal by u b  & ~ / $ 3  f l  4 17-+I /v .  Z;~:~XM 6 K - 



Possible Sample Hamrds: f l  

Turnaround Time Required: (Rush must be approved by appropriate Manager and is suhjeft lo surcharge.)* 
Normal& . *Rlrrh- 

L , J K C ~ C   WIT^+ J I ~ A C J I - J  
FAXFRIZ 

Sample Disposak Return to Client - or Disposal by Lab 2 
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